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SUMMARY 


This  report  summarizes  the  task  performance,  mood,  and  fatigue  of  112  U. 
S.  Marine  Corps  volunteers  during  a  laboratory  simulated  sustained  operation 
(SUSOP).  These  volunteers  were  observed  in  seven  studies  that  were  conducted 
over  a  period  of  seven  years  (1979-1985).  The  purpose  of  the  studies  vas  to 
obtain  baseline  information  about  the  recuperative  pover  of  short  periods  of 
sleep  (naps).  During  a  SUSOP,  naps  between  continuous  work  episodes  (CVE) 
are  used  to  maintain  performance  and  relieve  fatigue  and  sleepiness.  How¬ 
ever,  there  has  been  no  comprehensive  research  program  vhere  physical 
workload,  nap  duration,  and  starting  tine  variables  in  a  SUSOP  vere  system¬ 
atically  altered  to  evaluate  the  pover  of  naps  in  maintaining  effective 
performance  and  positive  mood  and  in  decreasing  fatigue. 

The  Naval  Health  Research  Center  (NHRC)  has  conducted  a  research  program 
subjecting  volunteers  to  a  simulated  five  day  reconnaissance  mission  vhere 
these  variables  vere  manipulated.  Cardiovascular  fitness  and  response  to 
prolonged  physical  work  are  measured.  Task  performance,  mood,  and  fatigue 
vere  followed  with  the  NHRC  Performance  Assessment  Battery  (NHRC-PAB). 
Polygraphic  sleep  recordings  vere  obtained  to  essess  the  quantity  and  quality 
of  sleep.  The  results  of  these  studies  demonstrated:  (1)  Starting  Time  of  a 
mission  has  major  effects  on  performance  throughout  the  mission.  Starting 
Time  should  be  chosen  so  that  a  continuous  work  episode  (CVE)  vlll  not  end 
near  the  circadian  trough  in  body  temperature.  (2)  After  the  first  20  hours 
of  continuous  vork,  more  than  3-4 - hours  of  sleep  is  required  to  assure  full 
recovery  from  fatigue.  Allowing  only  3-4  hours  of  sleep  vill  result  in  up  to 
a  30X  degradation  from  baseline  performance,  mood  deterioration,  and 
increased  fatigue  during  a  second  20  hr  CVE.  (3)  Vhen  subjects  are  required 
to  do  moderate  physical  vork  during  these  CVEs,  performance,  mood,  and 
fatigue  vill  be  detrimentally  affected  to  a  greater  extent  than  vhen  no 
physical  vork  is  done.  (4)  Physical  vorkloads  of  30%  of  maximal  aerobic 
pover  or  greater  vill  slow  down  response  speed  during  a  subsequent  post 
physical  vork  period.  (5)  The  circadian  phasing  of  nap  time  (the  time-of-day 
vhen  the  nap  is  taken)  is  less  important  than  the  duration  of  the  nap  in 
determining  the  recuperative  pover  of  the  nap.  Hovever,  vhen  awake  time  is 
extended  beyond  a  period  of  12  hrs,  the  circadian  phasing  becomes  more 
important.  Under  these  conditions,  a  short  nap  taken  during  the  early  hours 


(0400-0700)  viil  b«  followed  by  profound  and  persistent  sleep  inertia.  The 
important  factors  in  sanaging  sleep  include:  (a)  prior  hours  of  wakefulness 
(which  includes  hows  for  rest,  seals,  personal  hygiene  as  veil  as  task 
eosplation},.  (b)  tine-on-the-job,  <c)  circadian  phasing  (tine-of-day)  of  the 
nap*  (4)  duration  of  nap,  and  (e)  physical  workload  experienced. 


1.  INTRODUCTION 


Modern  society  requires  24  hr  services.  This  is  usually  supplied  by 
shifts,  with  2-3  stationary  or  rotating  crevs  vorking  different  periods  or 
the  day.  However,  some  occupations  require  sustained  work  on  an  irregular  or 
even  a  regular  basis.  Examples  include  fire  fighters;  police;  health  care 
providers;  rail  and  air  transportation  vorkers;  and  nuclear,  petrochemical, 
and  steel  vorkers.  Some  of  the  most  dramatic  examples  are  in  military 
sustained  operations  (SUSOPS).  Military  planners  recognize  that,  should 
SUSOPS  be  necessary,  the  weakest  link  will  be  human  performance,  not  hardware 
(Defense  Research  Group,  1982,  1983;  Department  of  the  Army,  1983;  Hegge, 
1982). 

Definitions  for  Continuous  Operations  (CONOPS)  are  continuous  combat 

with  opportunities  for  sleep,  though  these  opportunities  may  be  brief  and 

scattered  through  the  day  and  night.  Sustained  Operations  (SUSOPS)  are 

defined  as  continuous  combat  with  no  opportunity  for  sleep.  Uithin  any 

CONOPS  there  will  likely  be  periods  of  SUSOPS;  and  during  CONOPS,  sleep  for 

some  personnel  (e.g.  those  involved  in  command,  control,  communication  and 
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intelligence  (C  I))  will  be  more  severely  restricted  than  for  others. 
Continuous  Work  Episodes  (CVE)  or  Continuous  Operations  are  goal-oriented 
continuous  performances  without  rest  or  sleep.  A  SUSOP  may  Include  several 
CUES. 

This  report  summarizes  the  findings  from  a  series  of  studies  conducted 
at  the  Naval  Health  Research  Center  (NHRC)  vhich  examined  the  effects  of 
continuous  and  repea  ted  work  episodes  on  psychological  performance,  mood,  and 
fatigue  when  the  time  and  duration  of  naps,  exercise  levels,  and  starting 
times  of  CVEs  were  manipulated.  Some  of  the  results  have  been  published 
previously  (Englund,  Naitoh,  Ryraan,  &  Hodgdon,  1983;  Englund,  Ryman,  Naitoh, 
&  Hodgdon,  1985;  Naitoh,  1981,  1982;  Naitoh,  Englund,  &  Ryman,  1982,  1983; 
Ryman,  Naitoh,  &  Englund,  1984). 

2.  BACKGROUND 

In  previous  studies,  Marine  Corps  personnel  were  sufficiently 
recuperated  by  a  nap  taken  after  a  CVE  to  enable  them  to  continue  working  at 
tasks  for  an  extended  period  of  time.  However,  naps  taken  during  early  morn¬ 
ing  hours  after  a  prolonged  CVE  produced  profound  and  persistent  performance 
decrements  (sleep  inertia)  during  the  post  nap  period  that  might  be  hazardous 
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to  individuals  as  veil  as  to  a  Mission  (Naitoh,  1981;  Naitoh  et  al.,  1982). 
These  observations  suggested  an  urgent  need  to  develop  Sleep  Management  and 
Sleep  Logistics  (Naitoh  et  ' . ,  1983,  1986),  especially  for  SUSOPS.  Sleep 
Management  has  now  been  integrated  into  larger  efforts  on  military  perform¬ 
ance  management  by  Morgan  and  Associates  (Morgan  Management  Systems,  Inc., 
1984a,  1984b). 

The  principles  of  sleep  management  assist  all  levels  of  military  perform¬ 
ance,  from  an  individual  soldier,  to  a  platoon,  to  a  larger  battle  unit,  by 
evaluating  the  impact  of  sleep  Iojs  during  any  mission  (Morgan  Management 
Systems,  Inc.,  1984c;  Naitoh  et  al.,  1986).  The  field  of  sleep  logistics  is 
concerned  with  determining  the  operational  merit  of  providing  short  sleep 
breaks  at  a  particular  time-of-day  after  so  many  hours  of  continuous  work 
during  a  mission.  Sleep  logistics  uses  a  cost/benefit  analysis  to  balance 
the  benefit  of  maintaining  performance  effectiveness  after  sleep  against  the 
lost  man-hours  during  sleep. 

Naitoh  et  al.  (1983)  and  Englund  et  al.  (1985)  found  that  a  3  hr  nap  did 
not  recuperate  Marine  Corps  subjects  from  fatigue  after  they  had  been  working 
continuously  for  20  hours.  Thus,  performance  during  the  second  20  hr  CUE  was 
not  maintained  at  baseline  level.  Morgan  and  Coates  (1974)  studied  the 
impact  of  different  CUE  starting  times  on  performance.  They  obtained  data 
from  two  five  member  crews  who  worked  for  36  hrs  continuously,  starting  at 
0600,  1400,  or  2200  (Figure  1).  They  found  that  performance  was  kept  at 
nearly  100X  of  baseline  level  for  36  hrs  when  the  CVE  started  at  1400.  Crews 
that  started  at  C600  showed  a  decline  in  the  level  of  performance,  particu¬ 
larly  around  0400-0800,  when  the  circadian  low  in  performance  coincided  with 
prolonged  time-on-the-job.  They  also  showed  a  gradual  improvement  in 
performance  from  0800  to  1200.  Vhen  the  CVE  started  at  2200,  performance 
shoved  precipitous  deterioration  starting  at  2000  the  second  day,  with  the 
lowest  lavel  of  performance  between  0400-0800. 

Military  operations  may  start  at  any  time  of  the  day  or  night.  A 
previous  report  on  sleep  management  (Naitoh  et  al.,  1983),  did  not  discuss 
the  effects  of  mission  start  up  time.  This  paper  reports  the  results  from 
the  most  recent  series  of  studies  on  mission  startup  time.  These  studies 
simulated  field  activities  of  Marine  Corps  personnel  and  emphasized  the 
physical  work  component  of  Marine  Corps  missions.  The  performance 
maintenance  powers  of  naps  of  various  lengths  taken  at  various  times  of  day 
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and  the  impact  of  starting  a  sustained,  simulated  Marine  reconnaissance 
mission  at  around  Noon  (1300)  or  Midnight  (0000)  as  opposed  to  Morning  (0800) 
on  performance,  mood,  and  fatigue  have  been  observed. 

3.  NBRC  SUS0P  STUDY 

3.1  Rationale  and  Experiaental  Design 

During  the  1979-1985  period,  the  NHRC  conducted  a  series  of  seven  SUS0P 
studies  involving  a  total  of  112  U.S.  Marine  Corps  volunteer  subjects  (Ss)  in 
13  groups.  Tables  1  and  2  provide  demographic  and  experimental  information 
on  the  Ss.  These  experiments  vere  conducted  at  the  NHRC  laboratories  which 
house  a  sound-reduced,  electrically-shielded  sleep  room  and  an  air- 
conditioned  exercise  room.  An  average  ambient  temperature  of  21°C  and 
humidity  of  50Z  vere  maintained  for  all  studies. 

Most  SUS0P  studies  have  been  concerned  vith  the  direct  effects  of  sleep 
loss  during  CUEs  on  performance,  mood,  and  fatigue.  These  effects  have  been 
described  in  numerous  studies  (Alluisi  and  Chiles,  1967;  Alluisi  and  Morgan, 
1982;  Angus,  Heslegrave,  &  Myles,  1985;  Copes,  1972;  Haslam,  1981,  1982, 
1985;  Johnson  &  Naitoh,  1974;  Morgan  Management  System,  Inc.,  1984a;  Morgan  & 
Coates,  1974;  Morgan,  brown,  &  Alluisi,  1974;  Naitoh,  1968,  Naitoh  et  al. 
1983;  Opstad,  Ekanger,  Nummestad,  &  Raabe,  1978;  Webb,  1985;  Wilkinson,  1964; 
Williams,  Lubin,  &  Goodnov,  1959).  However,  at  NHRC  the  major  concern  has 
been  Sleep  Management,  determining  when  and  how  long  soldiers  should  sleep  to 
maintain  optimal  performance  levels. 

The  overall  experimental  design,  including  mission  start-up  time  and  nap 
variables,  is  presented  in  Table  3.  The  design  consists  of  three  factors: 
mission  Start-up  Time  (0000,  0800,  or  1300)  x  Nap  Length  (0  hr,  3  hr,  4  hr, 
or  8  hr)  x  Exercise  (present  or  absent).  A  quasi-experimental  approach 
(Campbell  &  Stanley,  1963;  see  also  Dinges,  Orne,  &  Orne,  1985)  was  adopted 
because  of  limitations  in  time  and  funds.  These  particular  treatment 
combinations  were  chosen  on  the  basis  of  their  military  relevance. 

Comparisons  between  studies  1,  5,  and  6  were  done  to  show  the  influence 
of  different  mission  Starting  Times  on  performance,  mood,  fatigue,  and 
physiological  variables  in  both  exercising  and  nonexercising  Ss.  A  compari¬ 
son  of  the  nonexercising  Ss  in  the  studies  1,  2,  3,  4,  and  7  was  done  to 
indicate  the  influence  of  Nap  Length  on  task  performance,  moods,  and  fatigue. 
Comparison  of  exercising  and  nonexercising  subjects  in  studies  1,  2,  3,  and  4 
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allowed  for  th«  evaluation  of  tha  interaction  of  nap  lengths  of  0  hr,  3  hr, 
or  4  hr  (8  hr  sleep  vas  not  studied  in  exercising  subjects)  and  exercise 
effects  on  performance,  mood,  and  fatigue. 

3.2  Data  Collection  Protocol 

Figure  2  shows  the  data  collection  protocol  used  for  all  SUSOP  studies 
at  NHRC,  with  two  exceptions.  For  Study  7  (see  Table  3),  the  CVES  (shaded 
areas  of  Figure  2)  were  shortened  to  accoaaodate  8  hrs  of  sleep  betveen  the 
first  continuous  work  (CV1)  and  the  second  continuous  work  (CV2).  For 
Studies  5  and  6,  the  Starting  Tiae  of  the  CVs  vere  changed  to  0000  and  1300 
respectively. 

Study  1 

On  Monday  (Day  1),  two  Marines  were  given  graded  maximal  exercise  tests 
to  determine  maximal  oxygen  uptake  and  heart  rate.  During  the  remainder  of 
Monday  (Day  1),  the  Marines  were  familiarizad  with  the  study  and  trained  in 
various  study  tasks.  One  member  of  each  pair  vas  randomly  assigned  as  an 
exercising  subject  (S)  and  the  other  as  a  nonexercising  S.  During  the  first 
half  hour  of  each  hourly  session  (VA  and  A  in  Figure  2),  the  exercising  S 
performed  the  alpha-numeric  visual  vigilance  task  while  walking  on  a  tread¬ 
mill  wearing  full  combat  gear,  including  backpack  and  rifle.  The  nonexercis¬ 
ing  subject  performed  this  task  while  seated  in  front  of  a  CRT  monitor  in 
another  room.  During  the  30  min  V8  or  B  sessions,  both  Marines  worked  at 
computer  video  stations,  responding  to  instructions  and  prompts  for  psycho¬ 
logical  tasks,  questionnaires,  and  physiological  measurements. 

Treadmill  speed  for  each  subject  vas  adjusted  to  keep  heart  rate  as  near 
as  possible  to  the  rate  previously  determined  to  correlate  with  30%  of 
maximal  aerobic  pover.  The  baseline  experiment  started  at  0800  Tuesday  (Day 

2)  and  ended  at  2115.  The  baseline  work  segment  consisted  of  12  one-hr 
blocks  with  meal-rest  breaks  of  30  to  45  mins  every  four  hrs.  The  exercising 
S  walked  on  the  treadmill  for  a  total  of  six  hours. 

The  first  continuous  work  period  or  workday  (CV1)  began  Wednesday  (Day 

3)  at  0800,  ending  at  0400  Thursday  (Day  4),  i.e.,  a  20  hr  CUE.  After  CV1, 
each  S  was  allowed  a  3  hr  nap,  from  0400  to  0700  Thursday  (Sleep  2  of  Figure 
2).  After  being  awakened,  the  Ss  vere  given  breakfast  and  then  at  0800  the 
second  20  hr  episode  of  continuous  vork  (CV2)  began,  ending  at  0400  Friday 
(Day  5).  After  this  the  Ss  vere  alloved  to  sleep  until  1200. 
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Study  2 

The  basic  data  collection  scheme  vas  identical  to  Study  1,  except  that 
all  Ss  remained  awake  continuously  from  0700  Wednesday  to  0400  Friday,  a  45 
hr  period. 

As  in  Study  1,  each  member  of  a  pair  of  the  Ss  was  assigned  randomly  as 
either  exercising  or  nonexercising.  In  Study  2,  and  in  all  subsequent 
studies,  open  circuit  spirometer  readings  of  expired  air  were  monitored 
during  the  treadmill  exercise  and  physical  workload  was  adjusted  to  maintain 
oxygen  consumption  at  the  desired  level  (302  in  Study  2,  402  in  Studies  3  and 

4) . 

Study  3 

The  data  collection  scheme  was  identical  to  Study  1,  except  that  CW1  was 
started  30  min  earlier  (0330)  and  CV2  started  30  rain  later  (0730)  to  accommo¬ 
date  a  4  hr  period  of  sleep  (Sleep  2  of  Figure  1). 

Treadmill  speed  was  increased  and  an  incline  was  added,  bringing  the 

starting  physical  workload  to  402  of  maximal  oxygen  consumption.  The  Ss  were 
told  that  the  purpose  of  walking  on  the  treadmill  was  to  determine  the  maxi¬ 
mal  physical  workload  they  could  maintain.  They  were  instructed  to  keep  up 
this  work  level  for  as  long  as  they  could,  but  to  request  an  immediate 

reduction  in  workload  if  they  were  unable  to  maintain  the  pace. 

Study  4 

The  data  collection  scheme  was  identical  to  Study  3,  except  that  all  Ss 
remained  awake  continuously  from  0700  Wednesday  (Day  3)  to  0400  Friday  (Day 

5) ,  a  45  hr  period. 

Study  5 

The  data  collection  protocol  was  the  same  as  Study  1.  However,  the 

schedule  was  shifted  in  time  to  start  CW  sessions  at  midnight  (0000)  (see 

Table  4;  Midnight  group). 

On  Monday  (Day  1),  the  Ss  went  to  bed  early  at  2000,  and  were  awakened 
at  0400  Tuesday  (Day  2)  after  8  hrs  of  sleep  (Sleep  0  of  Figure  2).  In 
preparation  for  the  midnight  start  of  CW1,  the  Ss  went  to  bed  at  1500  on 
Tuesday  and  were  awakened  at  2300  of  the  same  day.  After  a  1  hr  preparatory 
period  including  breakfast,  the  Ss  started  CW1  at  0000  hour  Wednesday  (Day  3) 
and  continued  to  work  until  1900  Wednesday.  Then,  after  a  1  hr  preparatory 
period,  the  Ss  had  a  3  hr  nap  from  2000  to  2300  Wednesday.  They  were 
awakened  at  2300  Wednesday  and  had  a  1  hr  preparatory  period  before  they 
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began  the  second  20  hr  episode  of  continuous  work  (CV2)  at  0000  Thursday  (Day 
4).  The  Ss  were  allowed  to  have  a  full  8  hr  recovery  sleep  (2000  Thursday  to 
0400  Friday)  after  CV2.  Friday  (Day  5)  was  used  for  a  final  testing  of 
maximal  aerobic  power  and  debriefing. 

Elapsed  time  between  one  wake-up  time  to  another  is  usually  24  hrs, 
representing  one  day.  In  Study  5,  day  length  was  altered.  If  we  assume  that 
the  Ss  were  awaken  at  0500  on  Monday  morning  (Day  1),  the  length  of  their 
first  day  at  NHRC  was  23  hrs,  and  the  length  of  the  second  day  was  shortened 
to  19  hrs.  Thus,  the  Ss  in  Study  5  experienced  a  short  day,  or  a  phase 
advance  of  5  hrs  (analogous  to  flying  from  Vest  to  East  across  5  time  zones) 
before  the  start  of  CV1. 

Study  6 

The  basic  data  collection  scheme  was  identical  to  Study  1.  However,  the 
schedule  was  shifted  to  start  bot.i  CV  sessions  at  noon  (1300)  (see  Table  4, 
Noon  group). 

After  checking  into  the  NHRC  laboratory  on  Monday  (Day  1),  the  Ss 
remained  awake  and  worked  on  the  tasks  until  0400  of  Tuesday  (Day  2).  Then, 
the  Ss  slept  from  0400  to  1200  Tuesday.  After  a  1  hr  preparatory  period,  the 
Ss  began  CV1  at  1300  Tuesday  and  continued  to  work  until  0800  Vednesday  (Day 
3).  This  was  followed  by  a  1  hr  preparatory  period  and  a  3  hr  nap  (0900  to 
1200).  After  the  nap  and  a  1  hr  preparatory  period,  the  Ss  started  CV2  whicn 
lasted  from  1300  Vednesday  to  0800  Thursday  (Day  4).  After  CV2 ,  the  Ss  had  8 
hrs  of  recovery  sleep  (1100  to  1900  Thursday). 

If  we  assume  that  the  Ss  were  awakened  at  0500  on  Monday  morning,  the 
length  of  their  first  day  at  NHRC  was  31  hrs.  Thus,  the  Ss  in  Study  6 
experienced  a  long  day,  or  a  phase  delay  of  7  hrs  (analogous  to  flying  from 
East  to  Vest  across  7  time  zones),  the  day  before  CV1. 

Study  7 

The  purpose  of  Study  7  was  to  determine  whether  performance  of  tasks  was 
altered  by  repetition  without  any  sleep  deprivation  or  exercise.  Data 
collection  was  identical  to  Study  1,  except  that  the  CVEs  were  shortened  to 
twelve  1  hr  sessions  allowing  an  8  hr  sleep  between  CV1  and  CV2,  and  no 
exercise  was  involved. 

3.3  Subjects: 

Marine  Corps  volunteers  were  obtained  for  these  studies  from  either  Camp 
Pendleton  or  the  Marine  Corps  Recruit  Depot.  All  Ss  were  young  physically 
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fit  males  accustomed  to  sleep  loss  and  strenuous  physical  work.  Table  1 
shovs  age,  pay  grade,  height,  and  weight  of  these  Ss.  Pay  grade  represents 
the  number  of  years  a  subject  has  been  in  the  service  as  well  as  his  level  of 
experience  and  Marine  Corps  skills.  The  nature  of  the  study  and  the  risks 
involved  were  explained  verbally  and  given  in  written  form  to  all  Ss  prior  to 
their  consent  to  participate.  All  Ss  had  the  right  to  withdraw  from  the 
study  at  any  time.  They  were  also  witndrawn  if  the  attending  medical  officer 
and  experimenters  found  the  Ss  unable  to  continue  (see  Table  2  for  the  number 
of  Ss  who  began  (NBEGIK)  and  who  completed  each  study  (NEND)). 

3.4  Mood  and  Physiological  Variables 

A  computer  program  was  used  to  administer  the  following  questionnaires 
and  to  record  the  physiological  measures.  All  questionnaire  responses  and 
physiological  measures  were  stored  on  diskette  with  the  time  of  clay  for  the 
individual  sessions,  1  through  16  or  17,  of  each  day. 

The  School  of  Aerospace  Medicine  (SAM)  Subjective  Fatigue  Checklist, 
(Pearson  &  Byars,  1956;  Naitoh,  1981)  consists  of  10  items  which  were 
presented  one  at  a  time  on  the  video  screen,  below  the  instructions  on  how  to 
enter  the  response.  The  Ss  had  an  opportunity  to  change  their  response 
before  it  was  entered  to  a  computer  file.  The  next  task  was  to  complete  the 
29  item  NHRC  Mood  Questionnaire  (Moses,  Lubin,  Naitoh,  and  Johnson,  1974), 
which  has  been  found  to  be  sensitive  to  sleep  loss  and  fatigue  (Opstad  et 
al.,  1978;  Angus  et  al.,  1985). 

Following  these  questionnaires,  the  Ss  were  asked  to  measure  and  enter 
oral  temperature,  systolic  and  diastolic  blood  pressure,  and  grip  strengths 
of  the  left  and  right  hands  separately.  Grip  strength  of  each  hand  was 
measured  with  a  Jamar  hand  dynamometer.  Oral  temperature  was  measured  by  an 
electronic  digital  thermometer.  In  the  earlier  phase  of  this  study,  blood 
pressure  was  measured  with  an  automatic  device  which  sensed  Korotokoff 
sounds.  In  the  later  phases,  blood  pressure  was  measured  by  an  experimenter 
using  the  auscultation  method. 

In  studies  2,  3,  4,  5,  and  6,  Borg's  Rating  of  Perceived  Exertion  (RPE) 
(Borg,  1978;  Pandolf,  1983)  was  administered  to  the  exercising  Ss  in  the 
middle  of  every  30  min  session  of  treadmill  walk,  16-17  times  per  day. 

Polygraphic  sleep  data  were  obtained  from  a  surface  electrode  over  C3 
(and  C4  as  a  spare  electrode)  of  the  International  10-20  System,  and  outer 
canthi  of  the  left  and  right  eyes,  all  referred  to  the  linked  mastoid  lead. 
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Polygraphic  sleep  data  vere  recorded  on  paper,  and  they  vere  manually  scored 
for  sleep  stage,  based  on  the  sleep  scoring  manual  by  Rechtschaffen  and  Kales 
(1968). 

3.5  Descriptions  of  Tasks 

The  NHRC  Performance  Assessment  Battery  (NHRC  PAB)  vas  developed  to  evalu¬ 
ate  a  vide  range  of  psychomotor  and  cognitive  capabilities  necessary  for 
military  personnel  to  accomplish  assigned  jobs.  NHRC  PAB  consists  of  12 
psychological  tests.  Tasks  vere  chosen  on  an  empirical  basis  of  sensitivity  to 
sleep  loss  and  fatigue  (e.g.,  Wilkinson,  1964;  Naitoh,  1968,  1981;  Naitoh  & 
Tovnsend,  1970;  Williams,  Lubir .  &  Goodnov,  1959). 

Psychomotor  tasks  in  the  NHRC  PAB:  Three  of  these  tasks  correspond  to 
Donder's  model  of  reaction  time  types  (see  Grice,  Kjllmayor  and  Spiker,  1982): 
(1)  simple  reaction  rime  (SRT;  in  the  present  study,  Simple  Reaction  Time  task; 
stimulus  detection  folloved  by  response),  (2)  disjunctive  reaction  time  (DRT; 
in  the  present  study,  alphanumeric  visual  vigilance  task;  stimulus  detection 
folloved  by  sensory  discrimination  and  response),  and  (3)  choice  reaction  time 
(CRT;  in  the  present  study,  four  choice  serial  reaction  time  task;  correct 
choice  or  response  selection  added  to  DRT).  The  fourth  task  of  tapping  (Tvo 
Response  Alternation  Performance)  primarily  measured  motor  response  speed  and 
consistency  vithout  stimulus  detection. 

Cognitive  tasks  in  the  NHRC  PAB:  These  include  Baddeley's  logical  reason¬ 
ing  task,  Williams  auditory  memory  task,  Educational  Testing  Service  visual 
memory  test,  Gates-Peardon  reading  exercise,  Miller  Reading  Efficiency  test, 
and  Air  Defense  Game.  Details  of  these  cognitive  tests  and  of  the  effects  of 
sleep  loss  on  these  te3ts  vere  given  in  papers  by  Englund  et  al.  (1983,  1985). 

In  this  report,  the  results  of  the  folloving  tests  are  discussed: 

(1)  Tvo  Response  Alternation  Performance  (TRAP):  The  TRAP  task  is  a  six 
minute  task  designed  by  Humphreys  vhich  has  been  used  in  a  gradual  sleep 
reduction  study  by  Friedmann,  Globus,  Huntley,  Murlaney,  Naitoh  and  Johnson 
(1977)  and  in  a  series  of  sleep  deprivation  studies  reported  by  Naitoh  (1982). 
The  Ss  alternately  tapped  tvo  1  inch  response  buttons  with  their  eyes  closed. 
They  are  instructed  to  tap  as  rapidly  as  they  can  while  keeping  a  regular 
rhythm.  If  the  interval  betveen  taps  exceeded  2.5  sec  (i.e.,  a  lapse  in  atten¬ 
tion)  a  buzzing  noise  vas  given  to  the  Ss  through  a  headphone. 

A  scoring  program  analyzed  the  diskette  stored  data,  giving  the  number  of 
button  presses  each  minute  and  the  total  number  of  presses  over  6  min  for  each 


S.  Means  and  standard  deviations  for  the  slowest  10X  and  fastest  10X  intervals 
betveen  taps  for  each  session,  and  the  number  of  attentional  lapses  vere  calcu¬ 
lated  and  the  results  stored  in  disks. 

(2)  Visual  Simple  Reaction  Time  Task  SRT:  Simple  reaction  time  has  been 
used  in  previous  sleep  loss  research  (e.g.,  Herscovltch  and  Broughton,  1981). 
The  simple  reaction  time  (SRT)  task,  initially  developed  by  Lisper  and  Kellberg 
(1972)  for  an  auditory  signal,  was  modified  to  use  a  visual  signal.  The  Ss 
were  told  to  press  any  key  on  the  keyboard  the  moment  they  saw  numbers  appear¬ 
ing  on  the  video  monitor.  The  numbers  represented  time  elapsed  since  the 
numeral  zero  appeared  on  the  screen,  increasing  by  one  for  every  10  msec 
elapsed  time.  The  number  stopped  increasing  when  any  key  was  pressed,  or  at 
250  (i.e.,  2.5  sec  after  the  start)  when  a  warning  bell  was  sounded  for  an 
error  of  omission.  The  response  time  remained  on  the  screen  for  0.5  sec, 
providing  feedback  to  the  Ss.  There  vere  60  randomly  spaced  trials.  Intervals 
betveen  trials  varied  randomly  from  1  to  11  sec,  the  mean  interval  being  6  sec. 
The  scoring  program  listed  all  reaction  times  and  calculated  the  means  and 
standard  deviations  of  the  60  reaction  times,  the  6  fastest  and  6  slowest.  It 
also  obtained  the  number  of  inter-response  intervals  which  were  less  than  2.5 
sec,  and  the  number  of  inter-response  intervals  longer  than  2.5  sec,  i.e., 
lapses  of  attention.  SRT  was  administered  16  or  17  times  each  workday. 

(3)  Alpha-numeric  Visual  Vigilance  Task;  In  this  task  (Hord,  1982),  a 
single,  randomly  selected  alphabetical  character  or  number  was  presented  on  the 
screen  at  random  time  intervals  ranging  from  6  to  14  sec,  with  a  mean  interval 
of  10  sec.  The  number  or  character  remained  on  the  screen  for  10  msec.  The  Ss 
vere  instructed  to  press  a  hand  held  button  with  their  thumb  every  time  an  A  or 
3  (the  signal  stimuli)  appeared.  An  error  of  omission  was  declared  when 
response  to  an  A  or  a  3  was  not  made  within  5  sec.  This  task  lasted  for  30 
min,  during  which  20  signal  stimuli  vere  randomly  mixed  with  160  stimuli  of 
nonsignal  numbers  and  letters.  As  vas  previously  noted,  this  visual  vigilance 
task  was  given  to  the  exercise  S  while  he  walked  on  a  treadmill,  and  the  other 
S  performea  the  task  while  seated  in  front  of  a  video  terminal. 

The  scoring  program  for  the  visual  vigilance  task  listed  the  number  of 
responses  per  30  min  session,  the  number  of  correct  responses  (button  presses 
following  an  A  or  a  3),  errors  of  omission,  and  errors  of  commission.  The 
means  and  standard  deviations  for  the  correct  responses,  the  five  slowest 
correct,  and  five  fastest  correct  responses  vere  also  printed  out,  along  with 
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the  percent-correct  detection.  In  calculating  a  mean  reaction  time,  errors  of 
omission  were  arbitrarily  regarded  as  reaction  times  of  b  sec.  The  Alpha¬ 
numeric  Visual  Vigilance  Task  was  administered  16  or  17  times  each  workday. 

(4)  Four-choice  Serial  Reaction  Time  Task  (Four  Choice  Task);  This  task 
was  described  by  Wilkinson  and  Houghton  (1975)  and  has  been  used  in  previous 
sleep  loss  research  (e.g.,  Glenville,  Broughton,  Wing,  a  Wilkinson  1978; 
Naitoh,  1981).  A  blinking  "+"  (plus  sign)  is  presented  in  one  of  the  four 
quadrants  of  a  computer  monitor  screen.  The  Ss  pressed  one  of  four  buttons  on 
the  terminal  keyboard  corresponding  to  these  quadrants  (upper  left,  upper 
right,  lower  left,  and  lower  right).  The  blinking  remained  in  a  quadrant 
until  one  of  the  buttons  was  pressed  and  then  it  randomly  reappeared  in  another 
quadrant  or  stayed  in  the  same  position.  If  none  of  the  four  buttons  were 
pressed  in  2.5  sec,  a  bell  sounded  until  a  response  was  made.  This  task  lasted 
7  min.  The  Ss  were  instructed  to  respond  as  accurately  and  as  quickly  as 
possible. 

The  scoring  program  calculated  the  means  and  standard  deviations  for  all 
correct  responses,  the  fastest  102  and  slowest  102  correct  responses,  and  the 
incorrect  responses.  It  counted  the  number  of  correct  and  incorrect  responses 
and  lapses  and  calculated  the  percent-correct  responses.  Four  Choice  was  given 
5  or  6  times  in  each  workday  (every  3  hours). 

(5)  Logical  Reasoning  Task:  This  task  vas  devised  by  Baddeley  (1968), 
recently  evaluated  by  Carter,  Kennedy,  and  Bittner  (1981),  and  has  been  used 
extensively  in  sustained  operations  research  (Haslam,  1981,  1982.  1983;  Thorne, 
Censer,  Sing  and  Hegge,  1983).  The  task  consists  of  random  presentation  on  a 
video  screen  of  one  of  16  sentences  followed  by  a  pair  of  letters  (AB  or  BA). 
The  Ss  were  told  to  type  the  numeral  one  if  the  sentence  was  a  true  description 
of  the  letter  pair  (i.e.,  "A  follows  B"  BA)  and  the  numeral  two  if  the  sentence 
incorrectly  described  the  letter  pair  (i.e.,  "A  is  preceded  by  B"  AB).  After 
the  S  pressed  a  1  or  2  key,  the  response  was  displayed  next  to  the  sentence 
letter  pair.  If  a  S  changed  his  mind,  he  could  delete  the  re  :>onse  and  enter 
another.  When  the  S  thought  that  the  response  was  correct,  he  entered  the 
response  into  a  computer  file  by  depressing  the  ENTER  key,  at  which  time  the 
next  sentence- letter  pair  appeared.  At  the  end  of  the  3  min  task,  the 
sentence-letter  pairs  given  and  the  subject's  responses  to  each  pair  were 
stored  on  the  floppy  disk. 
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The  scoring  program  counted  the  number  of  sentence-letter  pairs  attempted, 
the  number  correct,  and  calculated  the  percent  correct.  The  Logical  Reasoning 
Test  was  given  16  or  17  times  each  vorkday. 

(6)  Williams  Auditory  Word  Memory  Test:  This  test,  devised  by  Williams, 
Gieseking,  and  Lubin  (1966),  is  a  short  term  memory  test  involving  the  presen¬ 
tation  of  36  tape  recorded  lists  of  15  words  each.  Three  lists  were  presented 
each  time  the  task  was  performed.  Each  word  was  announced,  spelled,  and  then 
repeated.  The  Ss  were  instructed  to  write  the  word  as  soon  as  they  heard  it. 
The  next  word  followed  immediately  after  the  second  presentation  of  the  prev¬ 
ious  word.  As  soon  as  the  S  wrote  down  the  last  word,  he  was  given  a  recall 
sheet  for  writing  down  all  the  words  he  could  remember  in  any  order.  Two 
minutes  were  allowed  for  recall  of  each  list.  The  number  of  correct  words 
recalled  was  recorded  and  expressed  as  a  percentage  of  the  total.  The  Word 
Memory  test  was  given  four  times  each  workday. 

3.6  Statistical  Analyses 

Tables  and  Figures  presenting  statistical  findings  are  provided  in  the 
Apendix.  The  exact  probability  of  each  F  ratio  has  been  given  in  the  text  to 
facilitate  interpretation  of  observed  differences,  instead  of  calculating 
Bonferroni  critical  value  for  multiple  F  tests  (Harris,  1976).  Sometimes  the 
exact  probability  is  listed  as  p  -  0.0000,  indicating  it  was  smaller  than 
0.00X.  In  the  present  study,  the  level  of  significance  was  set  at  5X  or  less. 
Whenever  necessary,  a  conservative  test  vas  used  (Geisser  f»  Greenhouse,  1958; 
Huynh  &  Feldt,  1976;  Winer,  1971). 

If  more  than  one  third  of  a  subject's  data  in  any  task  was  lost  due  to 
equipment  failures  and/or  scheduling  problems,  that  subject's  data  were  dropped 
from  further  statistical  analyses.  Therefore,  there  are  small  differences  in 
the  subject  number  among  the  tasks  in  each  statistical  analysis. 

The  reaction  time  of  the  slowest  10X  responses  of  each  session  was  used 
in  this  study,  because  Williams  et  al.  (1966),  Lisper  &  Kjellberg  (1972),  and 
our  studies  (Englund  et  al.,  1985;  Naitoh  et  al.,  1982,  1983)  have  found  this 
measure  to  be  the  most  sensitive  to  sleep  loss  effects. 

Statistical  analyses  were  designed  to  evaluate  the  following  two 
questions: 

(1)  What  is  the  influence  of  a  Starting  Time  (Morning,  Noon  or  Midnight) 
and  Exercise  on  performance  and  mood? 
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Four  factor  analysis  of  variance  (ANOVA)  vas  used.  The  factors  were 
Exercise,  Starting  Tine,  Workday,  and  Session,  vhere  Workday  and  Session  vere 
repeated  aoasure  factors.  Starting  Time  had  three  levels:  Horning,  Noon,  and 
Midnight.  Exercise  had  tvo  levels:  exercise  and  nonexercise  conditions.  The 
Workday  had  tvo  levels:  the  first  continuous  workday  (CW1)  and  the  second 
continuous  workday  (CW2).  In  the  statistical  analyses,  the  Ss  vere  regarded 
shoving  performance  and  mood  unaffected  by  sleep  loss  and  fatigue  during  the 
CV1  as  it  followed  an  8  hr  sleep.  The  factor  of  Session  consisted  of  4  to  17 
repetitions  per  workday,  depending  on  a  task.  In  ANOVA,  either  the  data  from 
the  first  and  last  session  of  each  workday,  or  the  means  of  the  first  4  and 
last  4  sessions  of  each  workday  vere  used.  The  data  from  the  Ss  in  Studies  1, 
5,  and  6  vere  used  for  this  evaluation  (see  Table  3).  All  Ss  had  a  3  hr  nap 
after  CV1  and  before  the  start  of  CW2. 

(2)  What  are  the  effects  of  a  Nap  Length  (0  hr,  3  hrs,  4  hrs,  or  8  hrs)  on 
performances  and  mood  of  the  exercising  and  nonexercising  Ss? 

(a)  Three  or  four  factor  ANOVAs  vere  used.  The  factors  vere  Nap 
Length,  Workday,  Session,  and  sometimes  Exercise.  Again,  Workday  and  Session 
vere  repeated  measure  factors.  Data  from  the  Ss  in  Studies  1,  2,  3,  and  4  vere 
used  for  evaluating  the  effect  of  a  nap  length  on  performance  and  mood  of  the 
exercising  Ss,  while  data  from  Studies  1,  2,  3,  4,  and  7  vere  used  to  evaluate 
effects  of  a  nap  length  on  the  nonexercising  Ss.  All  the  Ss  in  this  analysis 
had  the  same  Starting  Time  (0800) . 

(b)  Univariate  ANOVA  with  repeated  measures  vas  used  as  an  omnibus 
statistical  evaluation  (Dixon,  1983;  Geisser  &  Greenhouse,  1958;  Huynh  &  Feldt, 
1976;  Winer,  1971).  Where  an  ANOVA  shoved  significant  group  mean  differences, 
Tukey  Honest  Significant  Difference  (HSD)  vas  run  to  indicate  vhich  groups  vere 
significantly  different. 

(c)  The  performance  and  mood  differences  betveen  the  tvo  workdays 
ware  calculated  for  each  session  by  subtracting  CW2  from  CW1  scores.  The 
differences  in  performance  and  mood  vere  expected  to  be  near  zero  for  those  who 
slept  for  8  hrs  before  the  start  of  CV2  (the  Ss  in  the  control  group  of  Study 
7),  because  an  8  hr  sleep  should  have  given  full  recovery  from  the  fatigue  of 
CW1.  In  contrast,  those  vho  had  either  no  sleep  or  3  hr  sleep  vere  expected  to 
show  large  changes  reflecting  the  degree  of  performance  and  mood  degradation 
during  CW2. 
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The  CV1-CV2  differences  should  shov  when  and  if  those  who  slept  less  than 
8  hrs  began  to  show  greater  degradation  (i.e.,  larger  differences)  than  those 
who  slept  for  8  hrs.  BMDP  One  Vay  Analysis  (Dixon,  1983)  was  used  to  compare 
the  difference  scores  of  the  8  hr  sleep  Ss  with  those  of  the  other  groups  on 
the  Simple  Reaction  Time  test,  Alpha-numeric  Visual  Vigilance  test,  SAM  Sub¬ 
jective  Fatigue  Checklist,  and  NHRC  Positive  Mood  Scale.  Hotelling's  T-squared 
test  vas  also  calculated  for  overall  evaluation  of  all  session  differences; 
t-ratios  for  each  of  the  12  sessions  vere  then  calculated. 

3.7  Graphical  Analysis 

Figure  1  and  odd  numbered  figures  5-25  show  local  time  on  the  abscissa. 
Since  some  groups  started  their  workday  in  the  Morning  (0800),  while  the  others 
started  their  workday  at  Noon  (1300)  or  Midnight  (0000),  the  figures  show  the 
data  starting  from  different  locations  on  the  abscissa  of  the  graphs.  This 
graphic  presentation  corresponds  to  what  Morgan  and  Coates  plotted  in  their 
1974  paper  (Figure  1).  These  figures  illustrate  the  influence  of  time-of-day 
over  performance  and  mood. 

Another  important  question  in  this  study  was  how  well  Ss  in  the  Morning, 
Noon,  or  Midnight  group  could  perform  the  tasks  when  they  had  be**n  on-the-job 
for  various  periods  of  time  (e.g.  5,  10,  or  15  hours)  continuously.  A  second 
set  of  graphs  (even  numbered  Figures  6-26)  was  prepared  to  ease  comparisons  of 
the  performance  and  mood  of  the  Ss  in  Morning,  Noon,  and  Midnight  groups  on  the 
basis  of  how  long  Ss  were  on-the-job,  disregarding  the  time-of-day  effect. 

These  two  sets  of  graphs  were  prepared  on  performance  scores  for  each  task 
and  mood  scale  values.  Each  graph  shoved  data  from  8  groups: 

(1)  NOON  start  time,  3  hrs  NAP,  no  exercise  control  (CNT)  group  [Study 

61; 

(2)  NOON,  NAP,  EXercise  group  [Study  6); 

(3)  MIDNIGHT  start  time,  3  hrs  NAP,  CNT  group  [Study  5); 

(4)  MIDNIGHT,  NAP,  EX  group  [Study  5J; 

(5)  8AM,  start  time,  RESTing  but  no  sleep  allowed,  CNT  group  [Study 

21; 

(6)  8AM,  REST,  EX  group  [Study  2J; 

(7)  8AM,  NAP,  CNT  group  [Study  1J;  and 

(8)  8AM,  NAP,  EX  group  [Study  1). 
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3.8  Analysis  of  Interaction 

When  an  interaction  term  in  ANOVA  is  significant,  tneoretical  interpreta¬ 
tion  of  the  results  becomes  complex,  because  each  of  the  main  factors  need  to 
be  examined  at  each  level  of  the  interacting  factor.  A  significant  interaction 
■mans  that  the  main  factors  may  affect  performance  and  mood,  only  in  combina¬ 
tion  vlth  particular  levels  of  another  main  factor  (Lubin,  1961;  Kopell,  pp. 
182-185,  1973). 

Special  efforts  vere  made  to  understand  significant  two  factor  inter¬ 
actions,  although  both  of  the  main  effects  vere  not  significant.  The  presence 
of  a  significant  interaction  with  nonsignificant  main  effect  means  that  the 
performance  or  mood  results  differed  significantly  betveen  the  factor  groups 
over  the  repeated  time  intervals  (days  or  sessions),  but  when  the  data  vere 
averaged  across  time  (main  effects)  differences  cancelled  out.  To  interpret 
such  significant  interactions,  separate  ANOVAs  vere  calculated  for  different 
levels  of  the  interacting  repeated  measure.  Also  an  interaction  vas  examined 
in  terms  of  the  treatment  functions  and  their  preservation  of  ordinal! ty 
(Lubin,  1961). 

4.  NHRC  RESEARCH  ON  SUSOPS:  RESULTS 

4.1  Impact  of  Starting  Time  and  Exercise  on  Performance  and  Mood  (Studies 
1,  5,  and  6;  Table  3) 

Data  from  56  Ss  vere  available  for  the  assessment  of  impact  of  Starting 
Time  and  Exercise  on  performance  and  mood  (Table  2). 

4.1.1  Simple  Reaction  Time  Task  (Studies  1,  5,  and  6;  see  Table  3) 
Table  5  presents  the  means  and  standard  deviations.  Figures  5  and  6 
are  graphs  of  the  time-of-day  and  time-on-the-job  results,  respectively.  An 
ANOVA  on  the  data  of  the  slovest  lOX  reaction  times  observed  during  the  first 
and  last  4  sessions  of  both  vorkdays,  CV1  and  CV2  indicated  that  (1)  exercising 
Ss  vere  significantly  slover  than  control  Ss  (F(l/48)  »  7.00,  p  »  0.0118),  and 
(2)  the  influence  of  Starting  Time  vas  not  significant.  However,  a  significant 
interaction,  Session  x  Starting  Time  (F(l/24)  -  6.07,  p  =.  0.0213),  vas  found. 
An  occurrsnce  of  this  significant  interaction  vas  anticipated  because  no 
performance  differences  vere  expected  betveen  the  first  4  sessions  of  CV1  and 
of  CV2,  as  all  subjects  in  the  Horning,  Noon,  and  Midnight  groups  should  have 
been  equally  refreshed  upon  termination  of  sleep  or  rest;  only  during  the  last 
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sessions  of  CV1  and  CV2  were  the  effects  of  Starting  Time  on  tin  rate  of 
fatigue  buildup  expected. 

To  better  define  this  interaction,  additional  ANOVAs  of  Starting  Time  x 
Workday  (3  x  2)  design  vere  calculated.  An  ANOVA  using  the  averages  of  the 
first  4  sessions  of  CV1  and  CV2  shoved  that  Starting  Time  did  not  affect 
performance.  However,  a  similar  analysis  using  the  last  4  sessions  of  the 
workdays,  shoved  that  Starting  Time  vas  a  significant  factor  (F(2/48)  »  3.39,  p 
■  0.0148).  Thus,  the  subjects  in  the  Horning,  8AH,  Noon,  and  Midnight  groups 
all  started  the  early  sessions  of  CV2  sessions  at  a  similar  level.  Hovever,  as 
Ss  neared  the  end  of  CV2,  the  reaction  time  of  Ss  in  the  Noon  exercising  group 
slowed  down  significantly  than  those  who  vere  in  the  8AM  or  Midnight  exercising 
groups . 

4.1.2  Four  Choice  Task  (Studies  1,  S,  and  6) 

Both  the  slowest  102  reaction  time  and  the  percent  correct  measure 
vere  used  to  evaluate  the  performance  of  the  Four  Choice  Task. 

(A)  102  Slovest  Responses  Measure 

Table  6  presents  the  means  and  standard  deviations.  Figures  7 
and  8  are  graphs  of  the  time-of-day  and  time-on-the-job  results.  An  ANOVA 
using  only  the  first  and  last  sessions  of  both  workdays  revealed  that  (1) 
Exercise  slowed  responses  (F(l/46)  *  24.98,  p  »  0.0000),  and  (2)  Starting  Time 
slowed  responses  (F(2/46)  »  5.26,  p  »  0.0087),  with  the  Noon  group  having  the 
slovest  responses. 

(B)  The  percent  correct 

Table  7  presents  the  means  and  standard  deviations.  Figures  9 
and  10  show  the  time-of-day  and  time-on-the-job  graphs.  An  ANOVA  using  the 
first  and  last  session  of  both  workdays  indicated  that  (1)  the  exercising  Ss 
did  worse  than  the  nonexercising  Ss  (F(l/46)  -  4.82,  p  »  0.0333),  and  (2) 
Starting  Time  influenced  the  percent  correct  (F(2/46)  «  4.68,  p  »  0.0141),  with 
the  Noon  group  having  the  lowest  percent  correct. 

4.1.3  Alpha-numeric  Visual  Vigilance  Task  (Studies  1,  5,  and  6) 

Table  8  presents  the  means  and  standard  deviations  of  2  correct 

measure.  Figures  11  and  12  are  graphs  of  the  time-of-day  and  time-on-the-job 
results  for  percent  correct  scores.  An  ANOVA  using  the  first  4  and  last  4 

sessions  of  each  workday  indicated  that  (1)  there  vere  no  differences  between 
the  exercising  and  nonexercising  Ss,  and  (2)  Starting  Time  influenced  the 


percent  correct  scores  (F(2/42)  -  5.16,  p  -  0.0099),  with  the  Ss  in  the  Morning 
group  having  the  lowest  percent  correct  during  the  last  4  sessions  of  CV2. 

4.1.4  Logical  Reasoning  Task  (Studies  1,  5,  and  6) 

Table  9  presents  the  means  and  standard  deviations  of  the  percent 
correct.  Figures  13  and  14  are  graphs  of  the  time-of-day  and  time-on-the-job 
results,  respectively.  An  ANOVA  of  an  Exercise  x  Starting  Time  x  Workday  x 
Session  design  showed  (1)  Exercise  did  not  influence  the  scores  and  (2) 
different  Starting  Times  did  not  alter  performance. 

4.1.5  Word  Memory  Task  (Studies  1,  5,  and  6) 

Table  10  shows  the  means  and  standard  deviations  of  X  correct  recall. 
Figures  15  and  16  show  the  time-of-day  and  time-on-the-job  graphs  respectively. 
An  ANOVA  using  the  data  from  the  first  and  last  sessions  of  each  workday  showed 
(1)  Exercise  Ss  did  not  differ  significantly  from  Control  Ss,  and  (2)  Starting 
Time  did  not  influence  performance.  However,  there  was  a  significant  two  way 
interaction  of  Session  x  Workday  and  a  triple  interaction  of  Starting  Time  x 
Sessions  x  Workday. 

To  understand  the  nature  of  these  interaction  terms,  two  additional 
ANOVAs  of  Starting  Time  x  Workday  design  were  run  to  evaluate  the  data  from  (1) 
the  first  session  of  CW1  and  CW2,  and  (2)  the  last  session  of  CW1  and  CW2 .  An 
ANOVA  of  the  data  from  the  first  session  showed  that  none  of  the  main  effects 
were  significant,  but  it  found  a  significant  interaction  term  of  Starting  Time 
x  Workday  (F(2/49)  -  3.86,  p  ■  0.0277).  The  Ss  in  the  Morning  group  shoved  the 
lowest  percent  correct  recall  during  CV2  in  comparison  with  the  Ss  in  the  Noon 
and  Midnight  groups.  The  second  ANOVA  over  the  last  session  of  CW1  and  CW2 
again  shoved  that  no  main  effects  were  significant,  but  Workday  x  Starting  Time 
interacted  significantly  (F(2/47)  *  4.53,  <  0.0159).  The  Ss  in  the  Midnight 
group  had  the  best  percent  recall  during  CV2.  Thus,  Exercise  had  no  effect  and 
Starting  Times  influence  vas  clear  only  during  the  second  Workday. 

4.1.6  NHRC  Positive  Scale/NHRC  Negative  Scale  (Studies  1,  5,  and  6) 

Table  11  has  the  means  and  standard  deviations  of  the  positive  scale 

values.  Figures  17  and  18  are  graphs  of  the  time-of-day  and  time-on-the-job 
results,  respectively.  An  ANOVA  using  the  data  from  the  first  4  and  last  4 
sessions  of  each  workday  shoved  that  there  were  no  differences  between  the 
Exercise  and  Control  groups,  nor  between  the  Starting  Time  groups. 
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HHRC  Negative  Scale  (Studies  1,  5,  and  6;  see  Table  3) 

Table  12  presents  the  means  and  standard  deviations  of  the  negative 
scale  scores.  Figures  19  and  20  are  graphs  of  the  time-of-day  and 
time-on-the-job  results.  An  ANOVA  using  data  from  the  first  4  and  last  4 
sessions  indicated  that  (1)  Exercise  did  not  influence  mood  score,  and  (2) 
Starting  Time  did  not  influence  mood  score.  However,  two  interaction  terms, 
Session  x  Starting  Time  and  Vorkday  x  Session  were  significant.  A  Starting 
Time  X  Exercise  ANOVA  using  the  data  from  the  first  4  sessions  of  CV1  and  CW2 
again  shoved  no  effects  from  (1)  Starting  Time  or  (2)  Exercise.  A  similar 
ANOVA  using  the  last  4  sessions  of  CV1  and  CV2  (Figure  33)  showed  that  Starting 
Time  significantly  influenced  negative  mood  scores  (F(2/50)  *  8.91,  p  * 
0.0005).  The  Ss  in  the  Noon  group  had  the  greatest  increase  in  negative  scores 
in  comparison  with  the  other  groups  during  the  last  sessions  of  CV2. 

4.1.7  SAN  Subjective  Fatigue  and  Borg's  RPB  (Studies  1,  5,  and  6) 
Table  13  presents  the  means  and  standard  deviations  of  scale  values. 
Figures  21  and  22  are  graphs  for  the  time-of-day  and  time-on-the-job  results, 
respectively.  An  ANOVA  using  the  data  from  the  last  4  sessions  of  CV1  and  CV2 
shoved  that  (1)  Exercise  had  no  influence,  and  (2)  Starting  Time  also  did  not 
affect  the  scores.  However,  there  were  two  significant  interactions,  Starting 
Time  x  Sessions  and  Vorkday  x  Sessions.  An  ANOVA  of  an  Exercise  x  Starting 
Time  x  Vorkday  design  using  the  data  from  the  first  4  sessions  of  each  day 
shoved  that  only  the  Vorkday  factor  was  significant  (F(l/50)  -  20.55,  p  ■ 
0.0000).  However,  a  similar  ANOVA  using  the  data  from  the  last  4  sessions  of 
each  day  shoved  that  Starting  Time  influenced  the  scores  (F(2/50)  a  5.14,  < 
0.0094).  The  Ss  in  the  Noon  group  shoved  the  largest  fatigue  scores.  The 
exercised  Ss  did  not  differ  significantly  from  the  nonexercising  Ss  in  either 
ANOVA. 

Rating  of  Perceived  Exertion  (Studies  1,  5,  and  6) 

Borg  scale  of  Rating  of  Perceived  Exertion  (RPE)  was  given  only  to  the 
exercising  Ss  (see  Table  14  for  the  means  and  standard  deviations).  Figures  23 
and  24  are  graphs  of  the  time-of-day  and  time-on-the-job  results,  respectively. 
An  ANOVA  using  the  data  from  the  first  and  last  four  sessions  of  each  workday 
shoved  that  Starting  Time  did  not  influence  RPE  scores,  but  two  interactions, 
Session  x  Stating  Time  and  Starting  Time  x  Vorkday  were  significant.  However, 
a  Starting  Time  x  Vorkday  ANOVA  using  the  first  four  sessions  of  each  workday 


and  a  siailar  ANOVA  using  data  in  the  last  four  sessions  of  CV1  and  CV2  both 
shoved  no  effect  of  Starting  Tine  on  the  RPE  scores. 

4.1.8  Task  of  Response  Alternation  Performance  (Studies  1,  5,  and  6) 

Table  15  has  the  means  and  standard  deviations  of  reaction  time  and 

errors  of  omission.  Figures  25  and  26  are  graphs  of  the  time-of-day  and 
time-on-the-job  results,  respectively.  An  ANOVA  using  the  first  and  last 
sessions  of  each  workday  shoved  that  Exercise  and  Starting  Time  had  no  a  main 
affects  on  TRAP  performance.  However,  a  separate  ANOVA  using  reaction  time 
data  from  the  sessions,  1,  4,  7,  10,  13,  and  16  of  each  workday  indicated  that 
the  Exercise  Ss  were  significantly  slower  than  the  Control  (nonexercising)  Ss 
(F( 1/48)  -  5.31,  p  «■  0.0255).  Starting  Time  still  showed  no  main  effect  on  TRAP 
performance.  Session  significantly  interacted  vith  Starting  Time,  indicating 
that  the  influence  of  Starting  time  on  TRAP  performance  depended  on  which 
sessions  were  being  examined. 

4.1.9  Summary 

Simple  Reaction  Time,  Four  Choice,  Alpha-numeric  Visual  Vigilance, 
NHRC  Negative  Scale,  and  SAM  Fatigue  were  affected  by  the  Starting  Time  of  a 
continuous  workday.  The  Ss  in  the  Noon  group  shoved  the  worst  degradation  of 
performance,  mood,  and  fatigue  in  comparison  vith  the  Ss  in  the  other  2  groups. 
However,  Starting  Time  generally  affected  performance  scores  during  a  limited 
number  of  sessions  (i.e.,  the  last  4  sessions  of  each  workday). 

The  Exercise  Ss  in  the  Noon  group  shoved  the  largest  degradation  in 
performing  Simple  Reaction  Time  and  Four  Choice.  They  shoved  also  the  largest 
negative  mood  and  fatigue  scores  as  measured  by  NHRC  Negative  Scale  and  SAM 
Subjective  Fatigue  Checklist.  The  subjects  in  the  Morning  group  shoved  the 
lovest  percent  correct  on  the  Alphanumeric  Visual  Vigilance  and  Word  Memory 
tests. 

4.2  Impact  of  Nap  Length  and  Exercise  on  Performance  (Studies  1,  2,  3,  and 

4) 

Data  were  available  on  70  Ss  for  the  study  of  impact  of  Nap  Length  (3 
levels;  0,  3,  or  4  hrs)  and  Exercise  (302  and  402  of  maximal  oxygen  consumption 
combined,  compared  vith  nonexercising  Ss)  on  performance  (Table  2). 

4.2.1  Simple  Reaction  Tine  Task  (Studies  1,  2,  3,  and  4) 

The  10Z  slovest  response  measure  was  used  (see  Table  16  for  the  means 
and  standard  deviations).  An  ANOVA  using  the  data  from  the  first  four  sessions 
and  the  last  four  sessions  of  each  workday  revealed  that  (1)  Nap  Length  did  not 


influence  reaction  time,  but  (2)  Exercise  did  (F(l/48)  -  6.70,  p  -  0.0127). 
The  exercising  Ss  were  slower  than  nonexercising  Ss. 

4.2.2  Four  Choice  Task  (Studies  1,  2,  3,  and  4) 

Both  the  slowest  10Z  reaction  time  and  percent  correct  measures  were 
used  to  evaluate  performance  of  the  Four  Choice  Task. 

(A)  Analysis  using  10Z  slowest  response  measure. 

Table  17  presents  the  means  and  standard  deviations  of  10Z 
slovest  response  measure.  An  ANOVA  using  data  from  the  first  and  last  session 
of  CV1  and  CV2  showed  that  (1)  Exercise  significantly  influenced  reaction  time 
(P(l/50)  »  10.96,  p  -  0.0017)  (i.e.,  the  exercising  Ss  were  slower  than  the 
nonexercising  Ss),  and  (2)  Nap  Length  did  not  affect  reaction  time. 

(B)  Analysis  using  Z  correct  measure. 

Table  18  presents  the  means  and  standard  deviations  of  percent 
correct  measure.  An  ANOVA  using  data  from  the  first  and  last  session  of  CV1 
and  CV2  shoved  that  (1)  Exercise  had  no  effect,  and  (2)  Nap  Length  had  no 
effect.  However,  3  tvo-vay  Interaction  terms  were  significant:  Sleep  Length  x 
Vorkday,  Sleep  Length  x  Session,  and  Workday  x  Session.  An  ANOVA  of  an 
Exercise  x  Sleep  Length  x  Vorkday  design  using  the  data  from  the  first  session 
of  CW1  and  CV2  shoved  no  main  effects.  However,  a  similar  ANOVA  using  the  data 
from  the  last  session  of  each  vorkday  shoved  that  (1)  Nap  Length  significantly 
influenced  performance,  i.e.,  the  Ss  in  4  hr  nap  group  showed  the  lowest 
percent  correct  (F(2/50)  ■  4.65,  p  =»  0.0141),  and  (2)  Exercise  did  not  affect 
performance.  Thus,  exercise  did  not  affect  task  performance  at  all  and  Nap 
Length  affected  performance  only  during  the  last  session  of  CW2. 

4.2.3  Alpha-numeric  Visual  Vigilance  Task  (Studies  1,  2,  3,  and 
4) 

Table  19  presents  the  means  and  standard  deviations  of  percent 
correct  measure.  An  ANOVA  using  the  data  from  the  first  4  and  last  4  sessions 
of  each  workday  shoved  that  (1)  Sleep  Length  did  not  influence  performance,  and 
(2)  Exercise  did  not  affect  task  performance.  None  of  the  interaction  terms 
were  significant. 

4.2.4  Logical  Reasoning  Task  (Studies  1,  2,  3,  and  4) 

Table  20  presents  the  means  and  standard  deviations  of  percent 
correct  measure.  An  ANOVA  using  data  from  the  first  and  last  sessions  of  each 
vorkday  shoved  that  none  of  the  main  effects  or  interactions  were  significant. 
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4.2.5  Word  Meaory  Task  (Studies  1,  2,  3,  sod  4) 

Table  21  presents  the  Beans  and  standard  deviations  of  the 
percent  correct  recall  measure.  An  ANOVA  using  the  percent  correct  recall 
data  from  the  first  and  last  sessions  shoved  that  neither  Map  uength  or  Exer¬ 
cise  had  an  influence.  However,  3  interactions  were  significant:  Nap  Length  x 
Workday,  Workday  x  Exercise,  and  Session  x  Workday.  An  ANOVA  of  an  Exercise  x 
Nap  Length  x  Workday  design  vas  applied  to  data  fron  the  first  session  during 
CW1  and  CW2.  The  results  snoved  that  none  of  the  sain  effects  and  interactions 
were  significant.  Hovever,  a  similar  ANOVA  using  data  from  the  last  session  of 
each  vorkday  shoved  that  Nap  Length  interacted  with  Workday  (P(2/47)  -  6.13,  p 
■  0.0043).  These  results  shoved  that  the  influence  of  Nap  length  depended  on 
vorkday  and  session  vithin  each  vorkday.  Exercise  had  no  effect  on  short  term 
word  memory. 

4.2.6  NHRC  Positive  Scale/NHRC  Negative  Scale  (Studies  1,  2,  3, 
and  4) 

Table  22  presents  the  means  and  standard  deviations  of  the 
positive  scale  values.  An  ANOVA  using  the  data  from  the  first  4  and  last  4 
sessions  of  both  CV1  and  CW2  shoved  that  neither  Exercise  nor  Sleep  Length  had 
a  significant  influence.  Hovever,  Nap  Length  interacted  with  Session.  An 
ANOVA  using  the  first  four  sessions  of  CV1  and  CV2  shoved  that  Nap  Length  and 
Exercise  did  not  influence  mood  scores.  A  similar  ANOVA  using  the  data  from 
the  last  session  of  each  vorkday  shoved  that  the  only  significant  effect  vas 
from  Vorkday. 

NHRC  Negative  Scale  (Studies  1,  2,  3,  and  4). 

Table  23  has  the  means  and  standard  deviations  of  the  negative 
mood  data  from  the  first  four  and  last  four  sessions  vhich  vere  used  for  ANOVA. 
The  ANOVA  shoved  no  effect  from  Exercise  or  Nap  Length.  Hovever,  interactions 
of  Nap  Length  x  Session  and  Vorkday  x  Session  vere  significant.  An  ANOVA  of  an 
Exercise  x  Nap  Length  x  Vorkday  design  using  the  first  4  sessions  of  data  from 
both  vorkdays  shoved  that  only  Vorkday  influenced  mood  scores.  The  Ss  during 
CV2  had  greater  negative  scores  than  during  CV1.  A  similar  ANOVA  using  the 
data  from  the  last  4  sessions  of  both  CV1  and  CV2  shoved  that  (1)  the  influence 
of  Exercise  vas  not  significant,  but  (2)  Nap  Length  affected  the  scores 
(F(2/52)  .  3.91,  p  -  0.0262). 
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4.2.7  SAM  Subjective  Fatigue  Checklist  (Studies  1,  2,  3,  and  4) 

Table  24  has  the  means  and  standard  deviations  for  the  SAM  scale 

data  from  the  first  and  last  sessions  of  CV1  and  CV2.  An  ANOVA  of  these 
sessions  shoved  that  the  influence  of  Exercise  and  Nap  Length  was  not  signifi¬ 
cant.  None  of  the  interaction  terms  was  significant. 

4.2.8  Summary 

No  overall  effects  on  performance,  mood,  or  fatigue  were  observed 
during  CV2  from  varying  nap  length  from  0  hr,  to  3  hr,  or  4  hr.  The  only  diff¬ 
erences  between  the  nap  groups  vere  that  the  Ss  in  the  4  hr  nap  group  (not  the 
0  hr  nap  group)  had  the  lowest  Four  Choice  Task  and  vord  memory  scores  during 
the  last  session  of  CV2.  The  exercising  Ss  shoved  more  response  slowing  in  SRT 
and  Four  Choice  task  than  the  nonexercising  Ss,  but  other  task  performances  and 
mood/fatigue  scale  values  vere  similar  with  and  without  exercise. 

4.3  Impact  of  Nap  Length  on  Performance  (Studies  1-4  and  7) 

The  Influence  of  Nap  Length  on  task  performance,  mood,  and  fatigue 
was  evaluated  using  the  data  from  the  nonexercising  control  Ss  in  Studies  1,  2, 
3,  4,  ar.d  7  (Table  3).  All  of  the  Ss  in  these  studies  started  both  workdays 
(CV1  and  CV2)  at  0800.  Data  on  43  Ss  vere  available. 

The  one  way  procedure  with  Tukey's  Honestly  Significant  Difference 
(HSD)  (SPSS,  1983)  was  applied  to  the  difference  score  obtained  for  each 
session  by  subtracting  each  subject's  CV1  value  from  his  CV2  value  (d  * 
CV2-CV1).  A  percent  change  score  was  defined  as  the  difference  scor '  divided 
by  CU1  value  and  multiplied  by  100  (d/CVl  X  100).  The  means  for  CV1,  CV2,  and 
percent  change  are  listed  in  Tables  25  and  26. 

4.3.1  Simple  Reaction  Time  Task  (Studies  1-4  and  /) 

Figure  76  shows  a  4  point  moving  average  graph  of  the  percent 

change  scores  over  12  sessions  of  4  groups:  0  hr,  3  hr,  4  hr  and  8  hr  sleep. 

The  effect  of  Nap  length  on  performance  was  significant  (F(3/33)  -  6.67,  p  « 
0.0012).  Tukey's  HSD  indicated  that  SRT  reaction  times  of  the  Ss  in  the  0  hr 
nap  group  were  slower  than  those  of  the  Ss  in  the  3  hr  or  8  hr  nap  groups. 

4.3.2  Four  Choice  Task  (Studies  1-4  and  7) 

(A)  Analysis  using  10X  slowest  response  measure. 

Nap  Length  affected  performance  (F(3/34)  ■  6.5891,  p  =  0.0012). 
Tukey's  HSD  indicated  that  Four  Choice  performance  of  the  8  hr  sleep  Ss  vss 
significantly  better  than  that  of  the  0  hr  and  4  hr  nap  groups.  However, 

Sheffe's  test  showed  the  8  hr  sleep  Ss  io  be  faster  than  the  0  hr  sleep  Ss 


only.  This  test  suggested  that  performances  of  the  3  hr  and  4  hr  nap  groups 
were  located  in  tha  middle  of  the  performance  range  between  the  8  hr  and  0  hr 
sleep  groups,  and  were  not  significantly  different  from  either  of  those  groups. 

(B)  Analysis  using  Percent  Correct  measure. 

Nap  length  significantly  affected  the  X  correct  ( F ( 3 / 34 )  » 

4.04,  p  -  0.0146).  Tukey's  HSD  and  Sheffe's  test  both  indicated  that  Four 
Choice  performance  of  the  8  hr  sleep  group  was  better  than  that  of  the  4  hr 
sleep  group. 

4.3.3  Alpha-numeric  Visual  Vigilance  Task  (Studies  1-4  and  7) 

Figure  27  shovs  the  change  scores  of  (CV2-CV1)  observed  in  Ss  of  the 

0  hr,  3  hrs,  4  hrs,  and  8  hrs  sleep  groups  at  each  session  over  the  12 

sessions.  The  groups  differed  significantly  ( F( 3/32 )  -  6.30,  p  *  O.OO’B). 
Tukey's  HSD  indicated  that  the  8  hr  sleep  group  performed  better  than  the  0  hr 
and  3  hr  nap  groups. 

4.3.4  Logical  Reasoning  Task  (Studies  1-4  and  7) 

Nap  Length  did  not  affect  performance. 

4.3.3  Vord  Memory  Task  (Studies  1-4  and  7) 

Nap  Length  did  not  effect  short  term  memory  performance. 

4.3.6  NHRC  Positive  Scale  (Studies  1-4  and  7) 

Figure  28  shovs  a  4  point  moving  average  graph  of  the  percent  change 

scores  over  12  sessions  of  4  groups:  0  hr,  3  hr,  4  hr  and  8  hr  sleep.  The 

positive  scale  scores  did  not  differ  between  these  groups.  NHRC  Positive  Scale 
differences  between  the  8  hr  sleep  and  3  hr  nap  group  were  evaluated  first  by 
Hotelling's  T-squared  test,  and  then  by  repeated  t-tests  for  each  of  twelve 
sessions.  Hotelling's  T-squared  was  not  significant,  indicating  that  the  3  hr 
sleep  Ss  felt  as  positive  as  the  8  hr  sleep  Ss. 

4.3.7.  SAM  Subjective  Fatigue  (Studies  1-4  and  7) 

Figure  29  shovs  a  4  point  moving  average  graph  of  the  change  scores 
over  12  sessions  of  4  Nap  Length  groups.  Nap  Length  did  not  affect  fatigue 
ratings.  Hotelling's  T-squared  test  showed  that  SAM  Subjective  Fatigue 
Checklist  ratings  o 2  the  8  hr  sleep  and  3  hr  nap  group  did  not  differ. 

5.  DISCUSSION 

A  purpose  of  this  series  of  studies  was  to  produce  a  field  manual  for 
.■tanaging  sleep  and  rest  of  workers  on  irregular  work  schedules  (see  Appendix). 
In  our  previous  studies  (Englund  et  al.,  1983,  1985;  Naitoh  et  al.,  1982, 


1983),  ve  focused  on  optimal  duration  of  recovery  sleep  and  the  best  time  for 
sleep.  Ve  found  that  soldiers  need  to  sleep  for  at  least  3  hrs  per  24  hr 
period  to  maintain  baseline  performance.  Ve  recommended  that,  after  a  pro¬ 
longed  continuous  work  period,  short  naps  during  0300-0700  should  be  avoided 
because  they  are  followed  by  profound  and  lasting  sleep  inertia.  However,  naps 
at  other  time  periods  of  the  day  vere  beneficial.  Planners  for  combat  scen¬ 
arios  could  utilize  our  findings  to  maximize  performance  of  available  personnel 
and  to  extend  human  effectiveness  beyond  the  usual  range.  In  actual  field 
operations,  conditions  may  change  unexpectedly,  preventing  personnel  from 
complying  with  the  preplanned  work/rest  schedules.  In  this  situation,  the 
field  commander  should  do  the  sleep  management  analysis  to  adjust  for  the 
unexpected  changes. 

Results  from  our  studies  as  well  as  studies  by  others  (Dinges,  et  al., 
1985;  Dinges,  Orne,  Evans  and  Orne,  1981;  Haslam,  1982;  Rosa,  Bonnet  and  Varm, 
1983;  Taub,  1982;  Vilkinson,  1963)  have  suggested  that  any  amount  of  sleep 
would  always  have  some  benefit  on  task  performance  and  mood.  However,  we  found 
that  short  recovery  sleeps  after  a  long  period  of  continuous  work  sometimes 
produced  performance  decrements  lasting  for  many  hours.  For  example,  a  short  2 
hr  nap  taken  around  0400-0600,  after  a  45  hr  CVE,  did  not  refresh  sleep- 
deprived  subjects  (Naitoh  et  al.,  1981).  Those  who  slept  were  worse  off  than 
those  who  remained  awake.  These  aftereffects  of  2  hr  and  3  hr  naps  have  been 
discussed  fully  in  a  report  by  Naitoh  et  al.  (1983). 

The  present  report  added  a  critical  chapter  in  sleep  management  by  exam¬ 
ining  the  influence  of  Starting  Time  on  task  performance,  mood,  and  fatigue. 
Not  all  military  missions  begin  at  0800.  Morgan  and  Coates  (1974)  studied 
three  starting  times:  0600,  1400,  and  2200.  In  their  study  one  CV  of  36  hr 
duration  was  examined.  They  stated  that  "distinctly  different  (performance) 
functions  were  obtained  for  the  three  start  times,"  and  that  "clearly,  minimum 
performance  decrements  were  experienced  by  the  group  that  began  continuous  work 
at  1400  hours  (on  the  average).  The  largest  decrement  (approximately  34£)  was 
experienced  by  the  2200  group  that  was  working  during  the  early  morning  hours 
at  the  end  of  their  36  hr  period."  (Morgan  &  Coates,  1974,  p.  18). 

The  present  report  presents  results  from  two  other  Starting  Times,  Noon 
(1300)  and  Midnight,  using  two  20  hr  CVES  separated  by  a  3  hr  nap.  The  results 
showed  that  the  Ss  in  the  Noon  group  had  the  largest  performance  degradations, 
compared  with  the  Morning  and  Midnight  Ss,  in  the  tasks  of  Simple  Reaction 
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Tine,  Four  Choice,  and  Alpha-numeric  Visual  Vigilance.  The  Noon  Ss  also  shoved 
larger  negative  mood  scores  and  greater  fatigue  scores  than  the  Ss  in  the  Horn¬ 
ing  and  Midnight  groups.  In  contrast,  the  Homing  group  had  the  lowest  number 
of  percent  correct  results  on  the  Word  Hemory  task,  while  the  Hidnight  group 
had  the  highest  number. 

Our  observations  differ  from  those  of  Morgan  and  Coates  (1974).  They 
found  that  the  Ss  who  started  an  extended  work  period  at  1400  shoved  a  minimal 
performance  deterioration  compared  with  Ss  in  0600  or  2200  start  groups.  The 
protocols  of  the  tvo  studies  differ  a  great  deal.  The  present  study  contained 
tvo  20  hr  CVEs  separated  by  a  3  or  4  hr  nap,  vhereas  Morgan  and  Coates'  Ss 
remained  awake  and  worked  straight  through  for  36  hours.  Also,  the  present 
study  included  exercising  Ss.  These  factors  nay  have  contributed  to  the 
differing  results. 

From  a  circadian  point  of  view  (Aschoff,  Giedke,  Poppel  and  Vever,  1972; 
Morgan  and  Coates,  1974;  Moses,  Lubin,  Naitoh  and  Johnson,  1978;  Naitoh,  1982), 
the  deterioration  of  performance  and  mood  in  the  Ss  in  the  Noon  group  of  the 
present  study  makes  sense.  This  group's  work  schedule  was  such  that  the  end  of 
the  20  hour  CVE  fell  near  the  circadian  trough.  The  Ss  in  the  Noon  group  in 
our  study  had  been  on-the-job  for  15  hrs  when  they  entered  the  circadian  trough 
zone  of  0400-0700.  The  fact  that  Ss  in  Morgan  and  Coat's  "midnight"  group 
shoved  the  largest  performance  decrement  as  they  vorked  during  the  early  morn¬ 
ing  at  the  end  of  a  36  hr  period  (1974)  also  suggests  the  importance  of  the 
interaction  of  time-on-the-job  and  time-of-day. 

Another  possible  explanation  of  the  deterioration  among  the  Ss  of  the  Noon 
group  could  be  poor  sleep  before  the  start  of  CV1  and  CV2  because  they  were 
forced  to  sleep  at  an  unaccustomed  time-of-day  (0400-1200,  Table  4).  However, 
the  results  of  sleep  stage  analysis  shoved  that  the  Ss  in  the  Noon  group  slept 
well  (Table  27).  The  sleep  efficiencies  of  the  Horning,  Noon,  and  Midnight 
groups  did  not  differ  significantly. 

The  most  surprising  finding  of  the  present  studies  was  the  influence  of 
Bxercise  on  Simple  Reaction  Time  and  Four  Choice  (in  terms  of  both  percent 
Correct  and  10X  Slowest  measures).  Exercise  resulted  in  slowed  reaction  times 
and  in  increased  inaccuracy  of  response.  Exercise  may  have  contributed  to 
increased  feelings  of  fatigue  and  sleepiness  during  post-exercise  periods  when 
Ss  vere  tested.  An  examination  of  data  suggested  that  much  of  the  response 
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slowing  was  due  to  an  increased  number  of  lapses  or  errors  of  omission,  i.e., 
failure  to  respond  to  command  in  a  timely  manner  (Tables  5,  6,  and  15). 

It  is  important  to  sleep  management  to  know  the  minimal  hours  of  sleep  per 
24  hr  period  required  to  maintain  an  acceptable  level  of  performance.  Results 
from  Haslam  (1981)  support  a  requirement  of  more  than  3  hours  of  sleep  per  24 
hr  period  for  recovery  of  all  task  performances.  We  found  that  a  4  hr  nap  was 
not  sufficient  to  maintain  the  baseline  level  of  performance,  especially  during 
the  last  fev  sessions  of  CV2.  There  were  no  clear  differences  in  performance, 
mood,  and  fatigue  between  the  Ss  in  the  3  hr  and  4  hr  nap  groups.  These 
results  and  a  literature  survey  (see  Naitoh,  1981)  suggest  that  a  nap  period 
longer  than  4  hrs  is  required  to  allow  Ss  to  continue  working  at  baseline  level 
during  a  second  20  hr  CUES. 

It  could  be  theorized  that  some  of  the  behavioral  changes  are  a  reflection 
of  changes  in  the  circadian  rhythm  of  body  temperature.  However,  Aschoff, 
Fatranska,  Gerecke,  and  Giedke  (1974)  reported  that  the  sleep  loss  did  not 
change  circadian  rhythm.  Also  Murray,  Williams,  and  Lubin  (1958)  have  noted 
that,  although  average  body  temperature  decreased  over  the  course  of  sleep 
deprivation,  the  circadian  rhythm  of  body  temperature  remained  intact.  Figures 
3  and  4  show  intact  oral  temperature  of  8  groups  on  the  time-of-day  and 
time-on-the-job  graphs.  Statistical  analysis  of  the  means  and  standard 
deviations  (Table  28)  showed  that  Starting  Time,  Exercise,  and  Workday  did  not 
influence  oral  temperature. 

6.  SUMMARY 

Strictly  speaking,  the  following  conclusions  apply  only  to  the  specific 
laboratory  simulated  SUSOP  used  at  NHRC.  However,  to  some  degree,  they  should 
be  applicable  to  Sleep  Management  in  general. 

1.  The  Starting  Time  of  a  mission  can  critically  affect  performance, 
mood,  and  fatigue.  Starting  Time  should  be  chosen  so  that  an  end  of  CWE  will 
not  coincide  with  the  circadian  trough  because  of  the  deleterious  effects  of 
the  interaction  of  time-on-the-job  with  time-of-day. 

3.  Soldiers  who  work  for  20  hrs  continuously  and  then  sleep  for  3-4  hrs 
may  experience  up  to  a  30X  degradation  in  performance,  poorer  mood,  and 
increased  fatigue  during  a  subsequent  long  CWE  (Table  25).  When  soldiers  are 
required  to  do  moderate  physical  work  during  this  second  CWE,  their 
performance,  mood,  and  sense  of  fatigue  are  even  worse  (Table  26). 
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3.  Soldiers  given  3-4  hrs  of  nap  between  CVES  can  remain  effective 
neabers  of  fighting  teams.  However,  soldiers  need  to  sleep  more  than  4  hrs/24 
hr  period  to  maintain  performance  at  baseline  level. 

4.  Physical  workload  of  30-40X  maximal  aerobic  power  slows  down  subse¬ 
quent  response  speed,  probably  due  to  increased  sleepiness  and  fatigue. 

5.  The  circadian  phasing  of  nap  time  (i.e.,  time-of-day  when  a  nap  is 
taken)  is  less  important  than  the  absolute  duration  of  nap  in  determining  the 
recuperative  power.  However,  when  soldiers  have  remained  awake  for  an  extended 
period  of  time,  accumulating  heavy  sleep  debt,  a  short  nap  should  not  be  taken 
during  early  hours  (0400-0700)  because  of  profound  sleep  inertia. 

6.  The  important  factors  in  managing  sleep  are:  (a)  prior  hours  of  wake¬ 
fulness  (which  includes  hours  for  rest,  meals,  personal  hygiene,  as  well  as  for 
completing  a  job),  (b)  time-on-the-job,  (c)  circadian  phasing  (what  time-of- 
day)  of  nap,  (d)  duration  of  nap,  and  (e)  physical  workload. 

Sleep  research  findings  have  been  summarized  for  operational  force 
commanders  in  the  "Sleep  Management  in  Sustained  Operations  User's  Guide"  by  P. 
Naitoh,  C.  E.  Englund  and  D.  H.  Ryman,  Report  No.  86-22,  Naval  Health  Research 
Center,  San  Diego,  CA  (1986). 


7.  REFERENCES 


Alluisi,  E.  A.,  &  Chiles,  V.  D.  (1967).  Sustained  performance,  work  rest 
scheduling  and  diurnal  rhythms  in  man.  Acta  Psychologies,  27,  436-442. 

Alluisi,  B.  A.,  &  Morgan,  Jr.,  B.  B.  (1982).  Temporal  factors  in  human 

performance  and  productivity.  In  E.  A.  Alluisi  &  E.  A.  Fleishman  (Eds.), 
Human  Performance  and  Productivity:  Stress  and  Performance  Effectiveness 
(pp.  165-247).  Nev  Jersey:  Erlbaum,  Hillsdale. 

Angus,  R.  G.,  Heslegrave,  R.  J.,  &  Myles,  V.  S.  (1985).  Effects  of  64  hours  of 
sleep  deprivation,  with  and  without  chronic  physical  exercise,  on  mood 
and  performance.  Psychophysiology ,  22,  276-282. 

Aschoff,  J.,  Fatranska,  M.,  Gerecke,  U.,  &  Giedke,  H.  (1974).  Twenty-four 

hour  rhythms  of  rectal  temperature  in  humans:  Effects  of  sleep  interrup¬ 
tions  and  of  test  sessions.  Pfluegers  Archiv,  346,  215-222. 

Aschoff,  J.,  Giedke,  H. ,  Poppel,  E.,  &  Wever,  R.  (1972).  The  influence  of 

sleep-interruption  and  of  sleep-deprivation  on  circadian  rhythms  in  human 
performance.  In  V.  P.  Colquhoun  (Ed.),  Aspects  of  Human  Efficiency  (pp. 
135-150).  London:  The  English  University  Press. 

Baddeley,  A.  D.  (1968).  A  3  min  reasoning  test  based  on  grammatical  trans¬ 
formation.  Psychomic  Science,  10,  341-342. 

Borg,  G.  (1978).  Subjective  effort  in  relation  to  physical  performance  and 
working  capacity.  In  H.  L.  Pick,  Jr.,  H.  V.  Leibovitz,  J.  E.  Singer,  A. 
Steinschneider,  &  H.  W.  Stevenson  (Eds.),  Psychology  from  research  to 
practice  (pp.  333-361).  Nev  York:  Plenum  Press. 

Campbell,  D.T.,  &  Stanley,  J.  C.  (1963).  Experimental  and  quasi-experimental 
designs  for  research.  Chicago:  Rand  McNally  College  Publishing  Co-op. 

Carter,  R.  C.,  Kennedy,  R.  S.,  &  Bittner,  A.  C.,  Jr.  (1981).  Grammatical 

reasoning:  A  stable  performance  yardstick.  Human  Factors,  23,  587-591. 

Copes,  K.  H.  (1972).  The  influence  of  sleep  deprivation  upon  fine  and  gross 
motor  performance  as  indicated  by  selected  skills  of  balances,  reaction 
time,  and  movement  time.  Unpublished  doctoral  dissertation,  Texas  Woman's 
University,  Denton,  Texas. 


30 


Defense  Research  Group  (1982).  Study  on  human  and  biomedical  aspects  of 

sustained  operations  -  Long  term  scientific  study  on  the  Implications  of 
nev  technologies  for  Land  Operations  in  the  NATO  control  Region 
(L0/2000) .  NATO  Confidential. 

Defense  Research  Group  (1983).  Proceedings  of  the  24th  Defense  Research 
Group  (DRG)  Seminar  on  the  Human  as  a  limiting  element  in  military 
ays teas  (Vol.  1,  DS/A/DR(83)170).  Toronto,  Canada:  DRG. 

Department  of  the  Aray  (1983).  Soldier  perfornance  in  continuous  operations 
(FM  22-9).  Port  Benjaain  Harrison,  IN  46216:  U.S.  Army  Soldier  Support 
Center. 

Dinges,  D.  F.,  Orne,  E.  C.,  Evans,  F.  J.,  &  Orne,  M.  T.  (1981).  Performance 
after  naps  in  sleep-conductive  and  alerting  environments.  In  L.  C. 
Johnson,  D.  I.  Tepas,  V.  P.  Colquhoun,  &  H.  J.  Colligan  (Eds.), 

Biological  rhythms,  sleep  ar.d  shift  vork  (pp.  539-552).  Nev  York: 
Spectrua. 

Dinges,  D.  F.,  Orne,  M.  T. ,  &  Orne,  E.  C.  (1985).  Assessing  performance  upon 
abrupt  avakening  froa  naps  during  quasi -continuous  operations.  Behavior 
Research  Methods,  Instruments,  and  Computers,  17,  37-45. 

Dixon,  W.  J.  (1983).  BMDP  Statistical  Softvare.  Berkeley:  University  of 
California  Press. 

Bnglund,  C.  E. ,  Naitoh,  P. ,  Ryaan,  D.  8.,  &  Hodgdon,  J.  A.  (1983).  Moderate 
physical  work  effects  on  performance  and  mood  during  sustained  operations 
(SUSOPS)  (Report  No.  83-6.).  San  Diego,  CA:  Naval  Health  Research 
Center. 

Englund,  C.  E.,  Ryoan,  D.  H.,  Naitoh,  P.,  &  Hodgdon,  J.  A.  (1985).  Cognitive 
perfornance  during  successive  sustained  physical  work  episodes.  Behavior 
Research  Methods,  Instruments,  and  Computers,  17,  75-85. 

Friednann,  J.,  Globus,  G.G.,  Huntley,  A.,  Mullaney,  D.,  Naitoh,  P.,  &  Johnson, 
L.  C.  (1977).  Perfornance  and  mood  during  and  after  gradual  sleep 
reduction.  Psychophysiology,  14,  245-250. 

Geisser,  S.,  &  Greenhouse,  S.  V.  (1958).  An  extension  of  Box's  results  on  the 
use  of  the  F-distribution  in  multivariate  analysis.  Annals  of 
Mathematical  Statistics,  29,  885-891. 

Glenville,  H.,  Broughton,  R. ,  Wing,  A.  B.,  &  Wilkinson,  R.  T.  (1978).  Effects 
of  sleep  deprivation  on  a  short  duration  performance  measure  compared  to 
the  Wilkinson  auditory  vigilance  test.  Sleep,  1,  169-176. 


31 


223 


Grice,  G.  R.,  Nullmayor,  R.,  &  Spiker,  V.  (1982).  Human  reaction  time:  Toward 
a  general  theory.  Journal  of  Experimental  Psychology,  111,  135-153. 

Harris,  R.  J.  (1976).  Hand  computation  of  Bonferroni  critical  values. 
Perceptual  and  Motor  Skills,  42,  515-521. 

Haslan,  D.  R.  (1981).  The  military  performance  of  soldiers  in  continuous 
operations:  Exercises  "Early  C’ll"  I  and  II.  In  L.  C.  Johnson,  D.  I. 
Tepas,  V.  P.  Colquhoun,  &  M.  J.  Colligan  (Eds.),  Biological  rhythms, 
sleep  and  shift  work  (pp.  435-458).  New  York:  Spectrum. 

Haslam,  D.  R.  (1982).  Sleep  loss,  recovery  sleep,  and  military  performance 
Ergonomics,  25,  163-178. 

Haslam,  D.  R.  (1985).  Sleep  deprivation  and  naps.  Bahavior  Research  Methods, 
Instruments,  and  Computers,  17,  46-54. 

Hegge,  F.  V.  (1982).  The  future  battlefield:  Human  dimensions  and  implica¬ 
tions  for  doctrine  and  research  (NP  Report  No.  82.001).  Washington, 

D.C.:  Division  of  Neuropsychiatry,  Valter  Reed  Army  Institute  of 
Research. 

Herscovitch,  J.,  &  Broughton,  R.  (1981).  Performance  deficits  following  short 
term  partial  sleep  deprivation  and  subsequent  recovery  over  sleeping. 
Canadian  Journal  of  Psychology,  35,  309-322. 

Hodge,  D.  C.  (1972).  Military  requirements  for  research  on  continuous  opera¬ 
tions  (AD  744782).  Aberdeen  Proving  Ground,  HD:  Human  Engineering 
Laboratory,  Aberdeen  Research  and  Development  Center. 

Hord,  D.  J.  (1982).  An  EEG  predictor  of  performance  decrement  in  a  vigilance 
task  (Report  No.  82-2).  San  Diego,  CA’.Naval  Health  Research  Center. 

Huynh,  H.,  &  Feldt,  L.  S.  (1976).  Estimation  of  the  Box  correction  for 
degrees  of  freedom  from  sample  data  in  the  randomized  block  and 
split-plot  designs.  Journal  of  Educational  Statistics,  1,  69-82. 

Johnson,  L.  C.,  &  Naitoh,  P.  (1974).  The  operational  consequences  of  sleep 
deprivation  and  sleep  deficit  (AGARD  Report  No.  AG-193).  London:  North 
Atlantic  Treaty  Organization. 

Koppel,  G.  (1973).  Design  and  Analysis:  A  Researcher's  Handbook.  Englewood 
Cliffs,  NJ:  Prentice-Hall.  _ 

Lisper,  H. ,  &  Kjellbeig,  A.  (1972).  Effects  of  a  24-hour  sleep  deprivation  on 
rate  of  decrement  in  a  10-minute  auditory  reaction  time  task.  Journal  of 
Experimental  Psychology,  96,  287-290. 


32 


9 


Lubin,  A.  (1961).  The  Interpretation  of  significant  interaction.  Educational 
and  Psychological  Measurement,  21,  807-817. 

Morgan,  B.  B.,  Jr.,  Brovn,  B.  R.,  &  Alluisi,  E.  A.  (1974).  Effects  on 

sustained  performance  of  48  hour  of  continuous  vork  and  sleep  loss.  Human 
Pactors,  16,  406-414. 

Morgan,  B.B.,  &  Coates,  G.  0.  (1974).  Sustained  performance  and  recovery 
during  continuous  operations  (Interim  Report  ITR-74-2),  Norfolk,  VA: 
Performance  Assessment  Laboratory,  Department  of  Psychology,  Old  Dominion 
University. 

Morgan  Management  Systems,  Inc.  (1984a).  Management  of  sleep/stress  in 
continuous  operations.  Columbia,  MD:  Author. 

Morgan  Management  Systems,  Inc.  (1984b).  Study  of  sleep  and  stress  in 

continuous  operations:  Summary  report.  U.S.  Army  TRADOC.  Fort  Benjamin 
Harrison,  IN:  Contracting  office,  Soldier  Support  Center. 

Morgan  Management  Systems,  Inc.  (1984c).  Final  report  on  the  management  of 
sleep  and  stress  in  continuous  operations.  Columbia,  MD:  Author. 

Moses,  J.  M.,  Lubin,  A.,  Naitoh,  P. ,  &  Johnson,  L.  C.  (1974).  Subjective 

evaluation  of  the  effects  of  sleep  loss:  The  NHRC  mood  scales  (Report  No. 
74-23).  Naval  Health  Research  Center,  San  Diego,  CA. 

Moses,  J.  M.,  Lubin,  A.,  Naitoh,  P.,  &  Johnson,  L.  C.  (1978).  Circadian 
variations  in  performance,  subjective  sleepiness,  sleep  and  oral 
temperature  during  an  altered  sleep-vake  schedule.  Biological 
Psychology,  6,  301-308. 

Murray,  E.  J.,  Williams,  H.  L. ,  &  Lubin,  A.  (1958).  Body  temperature  and 

psychological  ratings  during  sleep  deprivation.  Journal  of  Experimental 
Psychology,  56,  271-273. 

Naitoh,  P.  (1968).  Sleep  loss  and  its  effects  on  performance  (Report  No. 
68-3).  San  Diego,  CA:  Navy  Medical  Neuropsychiatric  Research  Unit. 

Naitoh,  P.  (1981).  Circadian  cycles  and  restorative  pover  of  naps.  In  L.  C. 
Johnson,  D.  I.  Tepas,  V.  P.  Colquboun,  6  M.  J.  Colligan  (Eds.), 

Biological  rhythms,  sleep  and  shift  vork  (pp.  553-580).  New  York: 
Spectrum. 

Naitoh,  P.  (1982).  Chronobiologic  approach  for  optimizing  human  performance 
(pp.  41-103).  In  P.  M.  Brovn,  &  R.  C.  Graeber  (Eds.),  Rhythmic  aspects 
of  behavior.  Nev  Jersey:  Hillsdale. 


33 


Naitoh,  P.t  Englund,  C.  E.,  &  Ryman,  D.  H.  (1982).  Restorative  pover  of  naps 
In  designing  continuous  work,  schedules  (NHRC  Report  No  82-25).  San 
Diego,  CA:  Naval  Health  Research  Center.  Also  in:  Journal  of  Human 
Ergology  (Suppl),  1982,  11,  259-278. 

Naitoh,  P.,  Englund,  C.  E.,  &  Ryman,  D.  H.  (1983).  Extending  human  effective¬ 
ness  during  sustained  operations  through  sleep  management  DSADR(83)170. 
Proceedings  of  the  24th  DRG  Seminar  on  The  Human  as  Limiting  Element  in 
Military  Systems,  Vol.  1,  (pp.  113-138).  Toronto:  Defense  Research  Group. 

Naitoh,  P.,  Englund,  C.  E.,  &  Ryman,  D.  H.  (1986).  Sleep  management  in 

sustained  operations:  User's  Guide  (NHRC  Report  No.  86-22).  San  Diego, 
CA:  Naval  Health  Research  Center. 

Naitoh,  P.,  &  Tovnsend,  R.  E.  (1970).  The  role  of  sleep  deprivation  research 
in  human  factors.  Human  Factors,  12,  575-585. 

Opstad,  P.  K. ,  Ekanger,  R.,  Nummestad,  M.,  &  Raabe,  N.  (1978).  Performance, 
mood,  and  clinical  symptoms  in  men  exposed  to  prolonged,  severe  physical 
work  and  sleep  deprivation.  Aviation,  Space  and  Environmental  Medicine, 
49,  1065-1073. 

Pandolf,  K.  B.  (1983).  Advances  in  the  study  and  application  of  perceived 
exertion.  Exercise  and  Sport  Sciences  Revievs,  11,  118-158. 

Pearson,  R.  G.,  &  Byars,  G.  E.  (1956).  The  development  and  validation  of 
checklist  for  measuring  subjective  fatigue  (Report  No.  56-115).  San 
Antonio,  TX:  U.S.  Air  Force  School  of  Aerospace  Medicine. 

Rechtschaf fen,  A.,  &  Rales,  A.  (1968).  A  manual  of  standardized  terminology, 
techniques  and  scoring  system  for  sleep  stages  of  human  subjects  Public 
Health  Service,  National  Institutes  of  Health  Publication  No.  204. 
Vashington,  D.C.:  U.S.  Government  Printing  Office. 

Rosa,  R.  R.,  Bonnet,  M.  H.,  &  Vara,  J.  S.  (1983).  Recovery  of  performance 

during  sleep  following  sleep  deprivation.  Psychophysiology,  20,  152-159. 

Ryman,  D.  H.,  Naitoh,  P.,  &  Englund,  C.  E.  (1984).  Minicomputer-administered 
tasks  in  the  study  of  effects  of  sustained  work  on  human  performance. 
Behavior  Research  Methods,  Instrumentation,  and  Computers,  16,  256-261. 

SPSS,  Inc.  (1983).  User's  Guide  SPSSX.  New  York:  McGraw-Hill. 

Taub,  J.  M.  (1982).  Effects  of  scheduled  afternoon  naps  and  bedrest  on 

daytime  alertness.  International  Journal  of  Neuroscience,  16,  107-127. 


34 


Thorne,  D.,  Genser,  S. ,  Sing,  B.,  &  Hegge,  F.  (1983).  Plumbing  human  perform¬ 
ance  Halts  during  72  hours  of  high  task  load  (DS/A/DR(83)170).  In: 
Proceedings  of  the  24th  DRG  Seminar  on  the  Human  as  a  Limiting  Element  in 
Military  Systems,  1,  Toronto,  Canada:  Defense  Research  Group. 

Vebb,  V.  B.  (1985).  Experiments  on  extended  performance:  Repetition,  age,  and 
liaited  sleep  perijds.  Behavior  Research  Methods,  Instruments,  and 
Coaputers,  17,  27-36. 

Vest,  Jr.,  F.  J.  (1967).  Saall  unit  action  in  Veitnaa  Summer  1966  History 

and  Museuas  Division  Headquarters,  US  Marine  Corps  (Stock  #008-005-00115- 
3).  Washington,  D.C.:  U.S.  Government  Printing  Office. 

Vilklnson,  R.  T.  (1963).  After  effect  of  sleep  deprivation.  Journal  of 
Experimental  Psychology,  66,  439-442. 

Vilklnson,  R.  T.  (1964).  Effect  of  up  to  60  hours  of  sleep  deprivation  on 
different  types  of  work.  Ergonomics,  7,  175-186. 

Vilklnson,  R.  T.,  A  Houghton,  D.  (1975).  Probable  four-choice  reaction  time 
test  with  magnetic  tape  aeaory.  Behavior  Research  Methods  and 
Instrumentation,  7,  441-446. 

Villiaas,  H.  L. ,  Gieseking,  C.  F.,  A  Lubln,  A.  (1966).  Some  effects  of  sleep 
loss  on  aeaory.  Perceptual  and  Motor  Skills,  23,  1287-1293. 

Villiaas,  H.  L. ,  Lubin,  A.,  A  Goodnov,  J.  J.  (1959).  Impaired  performance 

with  acute  sleep  loss.  Psychological  Monographs,  73  (14,  Vhole  No.  484). 

Viner,  B.  J.  (1971).  Statistical  principles  in  experimental  design  (2nd  ed). 
New  York:  McGrav-Hill. 


APPENDIX 


labia  It  NMn  tea,  Pay  Grade,  Height,  and  Weight  by  Study-£xperla*rtal  Condition 


3 


4  If  Rest 
E40t  C 


j  If  Hap 
E301  C 


20.6  20.5  21.1  22.3  2 2.2  21.2 

3.10  3.18  3.44  3.50  3.50  3.25 

177.3  180.6  172.4  174.3  173.9  178.8 

71.8  80.4  76.8  76.6  77.9  76.6 


6 

3  Hr  Hap 

E30% 

c 

20.2 

20.1 

3.00 

2.86 

178.0 

172.8 

76.6 

68.2 

8  Hr  Sleep 


•1  a  Pvt 

2  »  PvtFC 

3  *  cpi 

4  «  L/Cpl 

5  *  S«t 


Tabla  2.  Sevan  Sustained  Operations  Studies 


WEAK  TlPt  BREAX  HRS 


BREAK  TIME  START  TIME 


04-0700 

04-0700 

04-0700 

04-0700 

03-0700 

03-0700 

03-0700 

03-0700 

20-2300 

20-2300 

09-1200 

09-1200 

23-0700 


a  The  17th  session  of  each  CW  was  not  lnaludad  In  the  study  design  because  of  the  1-hr  Increase  In  break  tine 
(nap  or  rest)  between  CW1  and  CW2,  and  because  of  the  Increased  exercise  level  causing  delay  (l.a. , 
blisters  on  feet  of  exercising  subjects). 

b  The  17th  session  on  CH2  was  given  over  to  a  second  Max  Stress  test  In  order  to  aeasure  the  physical 
reserves  of  the  subjects. 

o  The  17th  session  of  CW1  was  oalttad  because  this  study  pro/ed  to  be  very  difficult  for  the  subjects  to  keep 
on  schedule. 

I  a  Exercise;  C  a  Ho  Exercise,  Control;  NBEG1M  ■  Nmber  of  subjects  at  the  beginning  of  study;  NEND  a  Umber  of 
subjects  who  ooepletad  the  study;  1  WORK  >  Workload  re  1  Max  02;  fSESS  *  Nmber  of  sessions. 


Tabla  ]t  bfarlaaotal  Dastpa  stressing  Mission  Startup  tlaa  and  lap 


MISSION  STARTUP  TIME 


do acts  so* 

CONTROL  (C) 

0i  AM 

MOON 

MKMOOMT 

0  hr 

£  {3044) 

6  (40%) 

C 

C 

STU0Y  2 
STUDY  4 
STUDY  2 
STUDY  4 

XX 

> 

length 

o< 

Nap 

3  hrs 

E  (30%) 

C 

STUDY  1 
STUDY  1 

STUDY  6 
STUDY  8 

STUDY  5 
STUDY  5 

4  hrs 

E  (40%) 

C 

STUDY  3 
STUDY  3 

XX 

XX 

8  hrs 

C 

STU0Y  7  | 

| 

XX 

XX 

*  *  Phytic  a)  —crtirad  tat  to  ba  at  %  MAX  O2 
XX  >  No  Jtudv  wa  conducted  in  this  call. 


Table  4:  Experimental  Protocols 

Orian-  Adaptation  Baaallna  Barallna 

tation  Slaap  Work  Sleep  CT-1  Nap  CV-2  Recoxery 
Naming  (08-22)  •  (23-07  )  •  (08-22)  •  (23-07)  •  (08-03)  •  (04-07)  •  (38-03)  •  (04-12) 

Noon  (08-12)  • - >  •  (13-03)  •  (04-12)  •  (13-08)  •  (08-12)  •  (13-08)  •  (11-18) 

Nidnlght(0a-18)  •  (20-04  )  •  (05-14)  •  (15-23)  •  (00-18)  •  (20-23)  •  (00-18)  •  (20-04) 


*  Time  needed  to  go  from  one  phase  to  the  next  phase 


Table  5s  Simple  Reaction  TIm  (moo) 
10S  Slowest  IT  and  Errors  of  Qai salon 


8AM 

N00M 

MIDNIGHT 

CHI 

CHI 

CH2 

CW2 

CU1 

CHI 

CU2 

CH2 

CHI 

CHI 

CU2 

CU2 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

Hall 

N<8 

Na8 

Mean  (10t  Slow) 

772 

817 

1336 

1136 

664 

1545 

1038 

1521 

438 

685 

832 

1071 

SD 

644 

417 

674 

589 

356 

695 

617 

848 

294 

673 

596 

765 

Naan  (»  Errc-) 

0.70 

0.37 

1.67 

0.64 

0.16 

4.74 

0.81 

5.15 

0.04 

1.44 

1.00 

4.69 

SD 

1.96 

0.45 

2.52 

1.35 

0.35 

5.07 

1.31 

4.44 

C.12 

■*.07 

1.76 

11.01 

no  Exe:  else 

Nall 

Ns8 

Na8 

Mean  vIOS  Sjow) 

594 

671 

702 

817 

465 

761 

663 

947 

471 

574 

551 

801 

SD 

215 

221 

233 

340 

80 

596 

352 

4V8 

174 

262 

365 

456 

Mean  (#  Error' 

0.05 

0.15 

0.09 

0.17 

0.03 

0.50 

0.06 

0.74 

0.07 

0.08 

0.13 

0.41 

SD 

0.10 

0.22 

0.13 

0.23 

0.09 

1.41 

0.18 

1.14 

0.14 

0.11 

0.35 

0.68 

SA  a  Sessions  1-4;  SB  a  Sessions 

13-16. 

Table  6:  Four  Choice  Task 

(msec) 

lOt  Slowest  RT  and 

Eri  irs  of  dal  salon 

8AM 

NOON 

MIDNIGHT 

Oil 

Oil 

CW2 

CW2 

CHI 

CHI 

CU2 

CW2 

CHI 

CHI 

CU2 

CW2 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

NalO 

Na7 

N=9 

Mean  C10T  Slow) 

1453 

1487 

1540 

1568 

1571 

2049 

1704 

2224 

1301 

1417 

1502 

1766 

SD 

274 

450 

404 

483 

423 

505 

512 

499 

127 

422 

206 

496 

Naan  (#  Error) 

3-1 

8.8 

7.0 

2.7 

3.0 

16.4 

3.4 

12.0 

0.4 

3.7 

2.6 

«.3 

SD 

3.0 

71 .9 

14.6 

2.6 

3.0 

15.0 

4.1 

12.0 

0.5 

9.2 

2.6 

4.6 

No  Exercise 

NalO 

Na7 

Na9 

Mean  ( 10%  Slow) 

1269 

1255 

1745 

1247 

1211 

1544 

1203 

1500 

1232 

1219 

1246 

1298 

SD 

185 

262 

238 

282 

257 

441 

265 

525 

144 

124 

128 

182 

Mean  (*  Error) 

1.0 

2.0 

0.9 

1.2 

0.7 

4.9 

1.1 

1.4 

1.1 

0.7 

0.6 

0.7 

3D 

1.6 

3.5 

1.3 

2.0 

1.5 

9.4 

1.3 

3.0 

1.6 

1.0 

0.7 

0.9 

SA  a  Session  2;  SB  a  Session  14. 


Table  7s  Four  Choice  Task  (Percent  Correct) 
(  Correct 


SAM 

NOON 

MlDNIOfr 

CHI 

an 

CW2 

CW2 

CW1 

CW1 

CW2 

CW2 

CW1 

CW1 

CW2 

CW2 

SI 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

10 

1*7 

N*9 

Neu> 

81.9 

82.6 

85.3 

77.8 

76.7 

58.4 

78.2 

48.2 

93.5 

87.7 

90.7 

75.4 

SO 

20.4 

20.3 

19.8 

26.6 

26.0 

17.9 

21.6 

24.9 

5.4 

l8eO 

12.3 

28.1 

Ho  Exercise 

NalO 

tfa7 

N*9 

Hma 

89.6 

91.9 

89.1 

90.1 

91.8 

80.2 

92.1 

62.3 

86.6 

83.4 

89.2 

87.0 

so 

10.5 

7.6 

19.7 

10.6 

3.9 

25.2 

8.8 

33.4 

15.0 

7.9 

16.7 

9.6 

Si  *  Session  2;  SB 

*  Session  14. 

Table  8:  Alpha-Nuaeric  Visual  Vigilance  Task 

S  Correct 

8AM 

NOON 

MIDNIGHT 

CU1 

CW1 

CU2 

CW2 

CW1 

CW1 

CW2 

CM2 

CUl 

an 

CW2 

CW2 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

Mmd 

78.3 

78.7 

77.1 

68.6 

89.3 

77.8 

85.9 

76.7 

91.8 

92.4 

88.2 

88.9 

so 

21.6 

16.7 

21.0 

25.9 

8.0 

20.2 

13.0 

22.9 

7.9 

5.6 

16.1 

14.9 

Ho  Exercise 

Mean 

82.0 

75.1 

61.0 

65.7 

92.6 

70.6 

94.7 

78.0 

90.1 

91.5 

92.6 

85.5 

SO 

13-9 

20.4 

29.5 

28.8 

6.9 

18.7 

27.0 

12.4 

5.3 

6.8 

8.2 

15.0 

SA  *  Sessions  1-4;  SB  *  Sessions  13-17  (CUD  and  13-16  (CW2). 


Table  9:  Beddeley's  logical  Reasoning  Task 
t  Correct 


8AM 

MIDNIGHT 

an 

CW1 

CW2 

a a 

on 

on 

CW2 

CW2 

an 

an 

CW2 

CW2 

SA 

SB 

SA 

SB 

SA 

SB 

SA. 

SB 

SA 

SB 

SA 

SB 

Exercise 

N*7 

Na5 

N.7 

Mean 

91. A 

87.6 

92.0 

89-9 

67.8 

71.8 

85. A 

75.0 

87.3 

89-7 

92.9 

93.1 

SO 

3.1 

11.2 

A. 9 

8.3 

12.8 

26.8 

19.1 

17.5 

15.7 

12.0 

9.5 

8.6 

No  Exercise 

Na7 

N.5 

N*7 

Haan 

86.3 

81.6 

88. A 

8A.7 

93.0 

87.7 

92.3 

92.0 

7A.7 

83-3 

88.3 

85.3 

SO 

13.5 

9.9 

9.5 

11.0 

A. 6 

9.5 

A.O 

7.5 

16.0 

1A.2 

7.8 

9.9 

SA  a  Session 

1;  SB  a  Session  16. 

table  10: 

*.  Correct 

Will lares'  Word  Memory  Test 

Recall 

e 

3AM 

NOON 

MIDNIGHT 

CWl 

CWl 

CW2 

CW2 

Oil 

CWl 

CW2 

CW2 

CWl 

CWl 

CW2 

CW2 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

Na9 

N=6 

N=9 

Mean 

56. A 

R9. 7 

95.8 

63.0 

65.5 

53.3 

56.5 

53-3 

59.7 

53.1 

57.1 

53.9 

S3 

11.5 

11.2 

20.9 

11.9 

10.8 

16.9 

22.8 

18.8 

13.6 

18.8 

21.1 

19.8 

No  Exei  cise 

Na7 

Na5 

N*7 

Mean 

62.8 

96.0 

57.0 

57.0 

56.5 

50.8 

52.5 

59.5 

53-8 

70.7 

71.3 

63.6 

SD 

18.6 

17.1 

25.0 

19.2 

19.8 

18.1 

23.7 

19.8 

22.9 

22.3 

16.6 

19.7 

SA  <  Session  1;  SB  <  Session  17  (CWl)  03  13  <CW2>. 


/ 

/ 


Table  11:  NHHC  Hood  Seal*  (Positive) 


8AM 

N00H 

midnight 

on 

CHI 

CU2 

CIO 

CHI 

CHI 

CH2 

CH2 

CW1 

CHI 

CW2 

CW2 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

Nall 

IU8 

• 

Na9 

Haen 

42.7 

31.1 

32.5 

28.8 

36.1 

20.4 

23.2 

19.1 

39.8 

27.1 

28.0 

19.5 

SO 

13-3 

8.8 

12.0 

13.3 

14.0 

13.0 

14.0 

11.5 

11.8 

11.5 

14.2 

8.4 

No  Exercise 

Nall 

Na8 

N=9 

Naan 

32.1 

26.1 

22.0 

23.1 

35.5 

23.5 

29.9 

19-2 

41.1 

34.5 

33-1 

25.5 

SO 

10.6 

12.2 

10.1 

11.8 

12.3 

16.4 

14.4 

16.0 

15.4 

16.6 

17.5 

19..'’ 

SA  a  Sessions 

1-4;  SB  a 

Sessions 

13-17. 

Table  12: 

MiRC  Hood  Scale  (Negative) 

* 

SAM 

NOON 

MIDNIGHT 

CHI 

CHI 

CU2 

CHS 

CHI 

CHI 

CU2 

CH2 

CHI 

CHI 

CH2 

CU2 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

Nall 

N*8 

N=9 

Mean 

3.1 

6.0 

6.1 

7.2 

3.2 

12.7 

4.9 

12.0 

2.5 

6.4 

7.6 

6.7 

SO 

3.8 

3.9 

5.0 

5.7 

9.6 

7.0 

5.4 

6.4 

3.5 

5.3 

8.1 

4.4 

No  Exercise 

Nall 

Ns8 

N=9 

Mean 

1.5 

4.1 

5.7 

5.9 

4.0 

10.0 

5.1 

10.3 

2.0 

4.4 

4.3 

4.6 

SO 

1.7 

3.9 

4.2 

9.9 

4.0 

5.5 

4.9 

5.3 

1.2 

3-7 

3.9 

4.0 

SA  »  Sessions  1*4;  SB  a  Sessions  13*17. 


k 


Table  13:  Subjective  Fatigue  Checklist  (School  of  Aerospace  Medicine) 


SAM  HOCK  MIDNIGHT 


CW1 

CW1 

CH2 

CW2 

CHI 

CHI 

CU2 

CH2 

an 

CU1 

CW2 

CU2 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

Nall 

M 

N»9 

Naan 

«.9 

9.6 

8.7 

8.5 

6.5 

12.6 

9-0 

13.8 

6.6 

10.6 

9.5 

11.7 

3D 

3.9 

1.3 

4.0 

5.7 

3.5 

5.8 

4.3 

3-3 

2.1 

4.4 

3.2 

5.9 

No  Exercise 

Nall 

Na8 

Na9 

Mean 

5.8 

7.5 

8.8 

9.9 

7.4 

12.4 

8.4 

13.8 

6.6 

7.4 

8.0 

8.9 

SO 

3.0 

4.3 

3.7 

4.3 

2.9 

3.6 

4.5 

3.3 

2.4 

3.7 

4.3 

4.9 

SA  *  Sessions  1-4;  SS  »  Sessions  13—17. 


TSble  14:  Borg's  Rating  of  Perceived  Exertion 


8AM  NOON  MIDNIGHT 


CHI 

CW1 

CW2 

CU2 

CHI 

CHI 

CH2 

CW2 

CU1 

CHI 

CH2 

CW2 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

Ns8 

Na7 

NxS 

Mean 

8.3 

10.8 

10.6 

11.9 

7.9  12.6 

10.0 

12.3 

8.8 

11.1  10.4  11.6 

SI/ 

1.6 

1.6 

2.2 

2.1 

1.3  3.1 

2.1 

2.6 

2.4 

2.4  4.0  3.0 

Table  15i  Two  Response  Alternation  ParforMnca  (TRA7) 
101  How  (mo)  and  Error  of  QMission 


SAM 


MIDNIGHT 


CU1  CU1  CW2  M2  CW1  Ml  0(2  CSC  Ml  M 1  CW2  M2 


31  38  SA  58  SA  SB  SA  53  SA  SB  SA  SB 


Exarolsa 

NbII 

NMn 

742 

777 

914 

854 

621 

3D 

324 

330 

332 

458 

150 

Mean  (#  Errors) 

2.0 

6.6 

4.6 

10.2 

10.0 

SD 

4.2 

14.7 

6.4 

20.6 

18.7 

No  Exercise 

fell 

HMn  (101  Slow) 

591 

746 

788 

616 

813 

SD 

1.0 

15.0 

1.3 

1.3 

18.1 

SA  «  Session  1j  58  «  Session  16. 


N»7  *»8 


939 

804 

831 

580 

854 

790 

877 

375 

182 

343 

209 

380 

335 

396 

26.1 

11.8 

23.3 

6.4 

6.9 

8.S 

11.3 

29.8 

23.9 

33.0 

17.2 

12.6 

13.6 

17.9 

fe8 

fe9 

785 

652 

665 

694 

775 

515 

715 

26.0 

0.8 

34.6 

8.7 

13.6 

1.7 

12.2 

labia  16i  Staple  lt«*c t Ion  Ttae  Task 
101  Slow  (mo) 


Sleep  Duration 

0  HR 

3  HRS 

4  HRS 

Ml 

Ml 

M2 

M2 

Ml 

Ml 

M2 

M2 

Mi 

Ml 

M2 

M2 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

fei3 

fell 

fe5 

NMn 

563 

786 

1308 

1221 

772 

817 

1036 

1136 

496 

847 

960 

1591 

SD 

581 

436 

846 

499 

644 

417 

674 

589 

190 

407 

454 

551 

No  Exercise 

fa13 

fell 

fe5 

Mean 

474 

655 

766 

912 

594 

671 

702 

818 

388 

560 

544 

902 

SD 

222 

335 

479 

468 

215 

221 

233 

340 

60 

230 

245 

556 

SA  *  Sessions  1-4;  SB  «  Sessions  13-17. 


*4 


n« 


IHble  17 1  Jtxr  Choice  Serial  taxation  Time  Tssk 
10%  Slow 


Sleep  Duration 

0  HRS 

3  rats 

4  HRS 

CW1 

CW1 

CH2 

CM2 

CU1 

CW1 

CU2 

CH2 

CHI 

CHI 

CW2 

CU2 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

Heen 

1350 

1673 

1945 

H*13 

1649 

1453 

1487 

1540 

K>10 

1568 

1284 

1526 

1496 

M«5 

1572 

SO 

245 

376 

478 

580 

274 

450 

404 

*83 

185 

262 

238 

282 

Ho  Exercise 

%»13 

HelO 

M*5 

Heen 

1230 

1289 

1429 

1266 

1269 

1255 

1245 

1217 

1304 

1364 

1294 

1292 

SO 

120 

181 

259 

437 

185 

262 

238 

282 

204 

291 

172 

912 

SA  a  Session  2; 

SB  a  Session  14. 

Table  18>  Four 

S  Correct 

Choice  Serial  Reaction  Time  Task 

Sleep  Duration 

0  HR 

3  HRS 

4  HRS 

CHI 

CHI 

CH2 

CH2 

CHI 

CHI 

CU 2 

CH2 

CHI 

CU1 

CH2 

CH2 

SA 

SB 

SA 

38 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

Na13 

HalO 

N»5 

Mean 

93-0 

83.2 

75.9 

68.6 

81.9 

82.6 

85.3 

77.8 

83.6 

87.2 

85.5 

41.0 

SO 

5.9 

26.5 

22.6 

27.2 

20.4 

20.3 

19.8 

26.6 

24.5 

16.6 

21.1 

36.2 

Ho  Exercise 

Ha  13 

NalO 

Ma5 

Nnd 

94.3 

93.7 

89.1 

81. 3 

89.6 

91.9 

89.1 

90.1 

82.9 

80.3 

86.4 

47.8 

so 

4.5 

6.8 

10.1 

29.0 

10.6 

7.6 

19.7 

10.6 

14.2 

14.2 

16.9 

43.4 

SA  a  Session  2j  SB  *  Session  14. 


4$ 


table  19 1  Alphe-Nunerie  Visual  Vigilance  Task 
ft  Correct 


2  CU2 


SA 


CU2  CU2 


SB 


Exercise  (U13 

Hew  83.2  80.3  T7.1  71.3  78.3 

30  17.8  19.4  26.0  25.0  21.6 

No  Exercise  fa  13 

Hean  77.7  66.5  47.9  55.4  82.0 

SD  19.9  21.5  23.6  26.9  13.9 


SA  *  Sessions  1-4;  SB  *  Sessions  13-17  (CU1)  or  13-16  (CW2) 


fal3 

fall 

fa5 

83.2 

80.3 

77.1 

71.3 

78.3 

78.7 

77.1 

68.6 

94.7 

89.1 

83.5 

86.3 

17.8 

19.4 

26.0 

25.0 

21.6 

16.7 

21.0 

25.9 

6.4 

12.9 

18.6 

17.4 

fa13 

fall 

fa5 

77.7 

66.5 

47.9 

55.4 

82.0 

75.1 

61.0 

65.7 

85.1 

90.1 

88.7 

86.4 

19.9 

21.5 

23.6 

26.9 

13.9 

20.4 

29.5 

28.8 

13.8 

8.2 

16.8 

11.6 

Table  20:  Logical  Reasoning  Task 
ft  Correct 


2  CW2 


SB 


2  CV2 


SB  SA  SB 


86.0  97.0  96.7 


88.3  95.0 


SA  *  Session  1;  SB  1  Session  16 


Table  21 1  Hlllla«s’  Word  Haary  Task 


1  Bacall 


0  HR 

3  HRS 

4  HRS 

CW1 

CHI 

CH2 

CW2 

CHI 

CHI 

CW2 

CU2 

CHI 

CHI 

CU2 

CH2 

SA 

SB 

SA 

SS 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

Mall 

* 

Me9 

Ma3 

Haan 

54.2 

56.6 

52.5 

55.2 

56.4 

49.7 

45.9 

53.0 

78.0 

53.3 

33.0 

39.7 

3D 

14.0 

14.4 

9.8 

16.0 

11.5 

11.2 

20.9 

11.9 

10.1 

26.5 

0.0* 

11.6 

Mo  Exercise 

Mall 

M*9 

N»3 

Kean 

60.7 

47.5 

50.5 

45.9 

62.8 

46.0 

57.0 

57.0 

60.0 

40.0 

51.0 

37.7 

SO 

14.8 

12.1 

12.3 

15.2 

18.6 

17.1 

25.0 

14.2 

20.0 

7.0 

10.1 

4.0 

SA  e  Session  1;  SB  «  Session  17  (CW1)  or  13  CCW2). 

*  All  three  Ss  had  the  saee  1  Correct  Recall. 

Table  22:  NHRC  Hood  Scale  (Positive) 

Sleep  Duration 

0  HR 

• 

3  HRS 

4  HRS 

CHI 

CHI 

CH2 

CU2 

CHI 

CHI 

CH2 

CU2 

CHI 

CHI 

CU2 

CU2 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

Me  13 

Hall 

N»5 

Mean 

r  s 

27.8 

27.9 

18.2 

42.7 

31.1 

32.5 

28.8 

38.0 

24.5 

22.4 

15.4 

SD 

10.4 

13.2 

11.7 

11.7 

13-3 

8.8 

12.0 

13.3 

8.8 

14.0 

14.7 

16.1 

Mo  Exercise 

Na13 

Metl 

M*5 

a* - 

nun 

40.9 

32.0 

26.3 

26.1 

32.1 

26.1 

22.0 

23.1 

44.6 

30.8 

36.3 

29.4 

SD 

9.2 

15.0 

11.8 

10.8 

10.6 

12.3 

10.1 

11.8 

10.6 

16.4 

20.4 

20.9 

SA  ■  Sessions  1— H j  SB  a  Sessions  13-17. 
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Table  23«  NHRC  Hood  Seal#  (Negative) 


Sleep  Duration 

0  HR 

3  HRS 

4  HRS 

CHI 

CU1 

CW2 

CW2 

GUI 

0)1 

012 

0)2 

CW1 

0)1 

0)2 

0)2 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

M.13 

Mali 

Ma5 

hmd 

2.2 

6.3 

5.9 

9.1 

3.1 

6.0 

6.1 

7.2 

2.1 

11.0 

11.0 

12.7 

so 

3.6 

5.6 

4.8 

5.9 

3.8 

3.9 

5.0 

5.7 

2.1 

9.4 

7.3 

7.2 

Mo  Exercise 

M.13 

Mall 

Ma5 

Keen 

4.5 

8.3 

10.6 

11.0 

1.5 

4.1 

5.7 

5.9 

4.1 

10.7 

9.0 

12.3 

SD 

5.6 

7.4 

6.6 

6.5 

1.7 

3.4 

4.2 

4.9 

4.2 

7.5 

8.8 

7.5 

SA  •  Sessions  1-4; 

SB  ■ 

Sessions  13-17. 

Table  24:  Subjective  Fatigue  Checklist  (School  of  Aerospace  Medicine) 

Sleep  Duration 

0  HR 

3  HRS 

4  HRS 

0)1 

0)1 

0)2 

0)2 

0)1 

0)1 

0)2 

0)2 

0)1 

0)1 

0)2 

0)2 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

SA 

SB 

Exercise 

Ma13 

Hall 

Nx5 

Mean 

4.2 

10.5 

9.5 

12.0 

4.9 

9.6 

8.7 

8.5 

6.8 

13.8 

13.1 

15.4 

3D 

3.7 

5.8 

5.4 

5.0 

3.9 

4.3 

4.0 

5.7 

2.4 

6.6 

4.6 

5.1 

No  Exercise 

Ha13 

Mall 

N=5 

Naan 

5.5 

9.7 

10.4 

10.7 

5.8 

7.5 

8.8 

9-9 

7.1 

10.2 

9.0 

12.7 

SD 

4.2 

5.4 

5.1 

4.3 

3.0 

4.3 

3.7 

4.3 

2.0 

3.0 

5.0 

2.6 

SA  a  Sessions  1-4 j  38  a  Session*  1 3—17. 


Table  25:  Sleep  Length  and  Recovery:  Suranary  of  Results 

Studies  1,  2,  3,  4,  and  7 
Control  Ss 


Tasks  Sleep/ Hr s 


SRT  (10%  Slow;  8 

Msec)  4 

3 
0 

Four  Choice  8 

Slow;  Msec)  4 

3 
0 


Logical  Reasoning  8 
(*  Correct)  4 

3 
0 

Alpha-Nuneric  8 

(*  Correcr)  4 

3 

0 

Word  Memory  8 

(*  Correct  Recall)  4 

3 
0 

NHRC  Positive  8 

4 
3 
0 

SAM  Fatigue  8 


4 

3 

0 


CW1 

Mean 

CW2 

Mean 

X  Change* 

509 

524 

♦  3.9 

457 

596 

+30.4 

602 

744 

+23.6 

509 

774 

+52.1 

1211 

1150 

-  5.0 

1320 

1490 

+12.9 

1240 

1260 

+  1.6 

1260 

1371 

+  8.8 

91.6 

93.2 

+  1.7 

90.1 

88.2 

-  2.1 

82.0 

81.0 

-  1.2 

88.2 

84.3 

-  5.5 

87.6 

89.5 

♦  2.3 

85.5 

80.9 

-  5.4 

78.3 

64.9 

-17.1 

74.6 

53.6 

-28.2 

34.2 

35.1 

+  1.8 

48.3 

40.5 

-16.1 

56.7 

52.0 

-  8.3 

58.6 

45.5 

-22.4 

35.7 

33.3 

-  6.7 

38.9 

34.8 

-10.5 

29.0 

23.1 

-20.3 

36.9 

28.5 

-22.8 

10.8 

10.6 

-  1.7 

8.7 

11.3 

+29-9 

6.6 

9.4 

+42.4 

7.6 

10.4 

+36.8 

Comments  on 
Direction  of  Change 


No  change  in  CW2 
Slower  RT  in  CW2 
Slower  RT  in  CW2 
Much  slower  RT  CW2 

Faster  RT  in  CW2 
Much  slower  RT  CW2 
No  change  in  CW2 
Slower  RT  in  CW2 

No  change  in  CW2 
No  change  in  CW2 
No  change  in  CW2 
Low  score  in  CW2 

No  change  in  CW2 
Low  score  in  CW2 
Lower  score  in  CW2 
Much  lower  score  CW2 

No  change  in  CW2 
Low  score  in  CW2 
Low  score  in  CW2 
Much  lower  score  CW2 

Less  positive  in  CW2 
Less  positive  in  CW2 
Much  less  positive  CW2 
Much  less  positive  CW2 

No  change  in  CW2 
More  fatigue  in  CW2 
Much  more  fatigue  CW2 
f*ich  more  fatigue  CW2 


Any  5*  or  less  change  was  arbitrarily  commented  as  "No  change." 


Table  26:  Sleep  Length  and  Recovery:  Summary  of  Results 

Studies  1,  2,  3,  4,  and  7 
Control  Ss 


Tasks 

Sleep/Hrs 
(Submax  02 
Workload 
in  5) 

CW1 

Mean 

CW2 

Mean 

5  Change* 

Comments  on 

Direction  of  Change 

SRT  (105  Slow; 

4(405) 

557 

1077 

♦93.4 

Much  slower  RT  in  CW2 

Msec) 

3(305) 

784 

1071 

+36.6 

Slower  RT  in  CW2 

0(305) 

571 

1261 

♦120.8 

Much  slower  RT  in  CW2 

Four  Choice 

4(405) 

1470 

1490 

+12.9 

Much  slower  RT  in  CW2 

(105  Slow;  Msec) 

3(305) 

1480 

1570 

+  6.1 

Slower  RT  in  CW2 

0(305) 

1476 

1867 

♦26.5 

Much  slower  RT  in  CW2 

Logical  Reasoning  4(405) 

93.9 

89.8 

-  4.4 

Mo  change  in  CW2 

(5  Correct) 

3(305) 

83.6 

83.0 

-  0.7 

No  change  in  CW2 

0(305) 

88.1 

82.4 

-  6.5 

No  change  in  CW2 

Alpha-Nuneric 

4(405) 

89.5 

84.3 

-  5.8 

Low  score  in  CW2 

(5  Correcr) 

3(305) 

79.2 

71.3 

-10.0 

Lower  score  in  CW2 

0(305) 

82.5 

73.8 

-10.5 

Lower  score  in  CW2 

Word  Memory 

4(405) 

56.9 

41.5 

-27.1 

Much  lower  score  CW2 

(5  Recall) 

3(305) 

52.9 

53.9 

♦  3-0 

No  change  in  score  CW2 

0(305) 

63.2 

49.7 

-21.3 

Much  lower  score  CW2 

NHRC  Positive 

4(405) 

30.5 

21.3 

-30.2 

Much  less  positive  CW2 

3(305) 

37.3 

32.1 

-13.9 

Less  positive  in  CW2 

0(305) 

34.0 

24.9 

-26.8 

Much  less  positive  CW2 

SAM  Fatigue 

4(405) 

11.3 

13.9 

♦23.0 

Much  more  fatigue  CW2 

3(305) 

7.1 

8.8 

♦23.9 

Much  more  fatigue  CW2 

0(305) 

7.7 

10.8 

+40.3 

Much  more  fatigue  CW2 

■  t  Change  =  (CW1  -  CW2)/CW1  x  100.  — 

Any  5%  or  less  change  was  arbitrarily  commented  as  "Ho  change." 


Table  27s  Sleep  Characteristics,  of  Subjects  In  Studies  1,  6,  and  5  [Mean  (Standard  Deviation)] 
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Taken  from  Morgan  and  Coates  (1974). 
Used  with  permission  of  B.  B.  Morgan. 


ON  •  Continuous  Work 

‘Indudes  time  for  attachment  of  ECG  electrodes  and  rifle  assembly  task. 
••Indudes  time  for  rifle  assembly  task. 
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